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PREFACE TO FIEST EDITION 



The contents of this volume are in the main a reprint of 
articles which have already had a world-wide circulation 
in the pages of the English Mechanic, 

Some two years since I observed the frequent questions 
which appeared in that journal in reference to the present 
subject, and the idea occurred to me to throw some of the 
results of my own experience into the form of short articles 
for its columns. The editor kindly approved of my sug- 
gestion, leaving me free to take my own course as to 
the scope of the articles and the method of illustration. 

The favourable reception accorded to those papers led 
me to think that they might form the basis of a book 
which might fill a useful place amongst our technical 
literature. 

These articles, therefore, are now thoroughly revised 
and corrected, and expanded by the incorporation of new 
matter, additional sketches, and useful tables. A service- 
able syllabus of contents and appropriate chapter headings, 
together with a copious index, will render the subject 
matter readily accessible to the reader. 

109254 n I 
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The book in its present form^ it is hoped, will be found 
a tade mecum of that trade in which I have been engaged, 
as apprentice, journeyman, and foreman, for the last five- 
and-tTTenty years of my life. To my fellow-workmen, 
to those draughtsmen who have lacked a training in the 
shops, to pupils pursuing their practical studies in our 
factories, to employers and managers in engineering 
works, to all, in short, who seek more than a mere 
smattering of knowledge relative to this, the first and 
most important branch of engineeering construction, J 
respectfully dedicate this volumo. 
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PREFACE TO SECOND EDITION. 



The first edition of this book having been exhausted, I 
bare availed myself of the opportunity of extending and 
improving the work for the new edition. New chapters 
have been written on helical wheels, on screw or angle 
wheels, and on pattern-shop machinery. The chapters on 
spur and on bevel gearing, on machine-moulded gears, on 
engine cylinders, on engine-beds, on miscellaneous engine 
work, on foimdry requisites, and on workshop matters, 
have been much extended. Many entirely new illustra- 
tions have been added, and several of the original ones 
replaced by better. This edition contains sixty-two pages 
more than the first, and eighty more illustrations. A good 
many of these have been drawn specially for this edition, 
but some are reproduced from articles of mine which 
have appeared in the English Mechanic and the Practical 
Engineer. The double cylinder, p. 87, and the road 
wheel, p. 126, appeared in the 6rst-named journal ; the 
engine-bed on p. 109, sundry slide-valves, on pp. 135, 137, 
and the remarks on checking patterns, p. 286, appeared 
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in the second. I am also indebted to Jfosgrs. Robinson, 
of Rochdale, and to Messrs. J. B. .Stone & Co., Finsbury 
Pavement, London, E.G., for the loan of the electros of 
the machines described in the chapter on pattern-shop 
machinery. 

The work having been, therefore, greatly extended and 
improved, it should, I think, possess an increased and 
permanent value to my fellow-craftsmen. 

J.H. 

PREFACE TO THIRD EDITION. 



This edition is enlarged by thirty-six new pages relating to 
patterns for foundry requisites, patterns for plate mould- 
ing, and the storage of patterns. Thirty-six new 
illustrations have been included in these, and more than 
a dozen new and better blocks have been substituted for 
some of those in the earlier editions. New and reduced 
blocks of machines have also taken the place of those 
printed on the inconvenient folding plates in the Second 
Edition. 

The growing importance of plate moulding renders the 
inclusion of a chapter on that subject imperative, and 
this alone should give the present edition a special value, 
apart from the fund of various practical information 
which is comprised in the remainder of the work. 

The author tenders his thanks to those who have 
hitherto shown their appreciation of his efforts, and trusts 
that the demand for the present edition will bo con- 
tinuous. Joseph Hoknek. 
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PATTERN-MAKING. 



CHAPTER L 
INTRODUCTORY. 

PMktarn-makiiig a trade of recent growth. — ^Advantages of Division oi 
Laboor.— -Tools used in Pattem-making.—Contraction-rulcB. — Tim- 
Imt. — Proposed treatment of the Subject. 

Ih that ezoeasiye specialiaation of trades and induetries — that 
necessary breaking up of many of the older and more typical 
handicraits — widen lias been going on during the present cen- 
tury, pattern-making has become a distinct occupation. Fifty 
years since, the old race of millwrights were '^ all-round" 
men in the engineering firms. They could fit up a mill 
throughout, design its arrangements, both general and in 
detail, make the patterns of the cast-iron work, gear the 
mortise-wheels, chip and file the iron-toothed ones, weld a 
shaft, turn it in the lathe, forge levers, fit up the pedestals and 
bearings, line the shafting, and, in fact, do all the work that 
is now divided among half-a-dozen separate and distinct 
trades. Necessarily this meant the sacrifice of some special 
skill, the absence of a certain mechanical facility which results 
from the division of labour. But, taken as a body, they were 
better craftsmen, because more complete, than the mechanics 
who now do one thing, and one thing only. They were men 
of a strong representatiye character, skUful in the use of a few 
rough and ready tools, and equal to contingencies as they 
arose. The race, except in some isolated localities, has nearly 
died out. Now, the pattern-maker constructs the wooden 
models and ffears the mortise-wheels ; the fitter chips, files, 
and fastens different parts together ; the planer. Blotter, and 
•haper save the fitter's muscles, and the iron-turner prepares 
hitt shafts and bores his wheels. The fitter again and tlie 

B 
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ereoter occupy distinct positions, while each indiyidual work- 
man besides usually excels only in some special branch of 
work. 

But this division of labour has its adyantaffes. Machinery 
has been cheapened, there is more beauty and finish about it, 
and it is capable of being turned out of hand much more 
rapidly than was possible under the old regime. More and more 
vet the tendency of the time is to division — specialisation of 
labour. Men doin^ one class of work alone acquire a skill, a 
facility in that particular branch, which can be acquired and 
preserved in no other way. And in this we are only borne 
along by the tendencies of the age in which we live. Science 
and the wide fields of knowledge yield no exception to this 
rule. Men in any and every walk of life can only acquire 
great distinction by moving in one groove. The boundless 
universe is fair and inviting ; but each must be content to 
plough his own little furrow, glad if he accomplish worthy 
work before the night comes on. 

Enough of preface — ^now to our art smd trade of pattern- 
making. Tools and timber, two essentials, may be disposed 
of briefly. Speaking generally, carpenters' took are suitable 
for pattern work, but mortise-chisels are not wanted, neither 
are the plough and irons, nor the various bead and moulding- 
planes. And instead of a number of firmer chisels and gouges, 
long chisels and gouges, called paring-tools, are requisite. The 
average kit of a pattern-maker should consist of the following 
articles, though many workmen add largely to these : hand- 
saw, tenon, dovetail, bow, compass, and keyhole saws; jack- 
plane, tr}dng and smoothing planes ; about eight round planes, 
ranging from Nos. 4 to 18; three rebate-planes of various 
widths ; thumb-plane, bull-nose and compass planes ; half-a- 
dozen paring chisels of various widths, ten or twelve paring- 
gouges' of various widths and sweeps, half-a-dozen firmer- 
chisels from iVth to 1 J inches ; two short marking-gauges and 
a panel-gauge, a brace and set of thirty-six bits, two pairs of 
trammels, large and small respectively, wing compasses and 
dividers, calipers (inside and outside) ; axe, tummg-gouges 
and chisels, round nose and side tools (about three of each) ; 
a six-inch and a twelve-inch trying-square, to which may be 
added a twenty-inch or twenty-four-inch one of wood; a 
bevel, sundiy set squares, hammer, pincers, pliers, two spoke- 
shaves, brad-punches, gimlets, bradawls, oilstone, gouge- 
slips, mallet, screw-drivers, large and small, scriber, a few 
filed, scales, and a standard and contraction-rule. Special 
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meatioii must be made of tliis last tool, whick is used onljr 
by pattern-makers. As its name implies, it is a rule which 
b made longer than the standard measure bj the amount 
which cast iron contracts in cooling from the molten state 
to the ordinary temperature of the atmosphere. Though n 
standard rule is required for the measui*ement of castings, 
it would be obviously inconvenient to use it in patteru- 
making, because the workman would be perpetually making 
approximate allowances for contraction m fractional parts 
of a foot. So the contraction-rule economises his time and 
insures something more accurate than approximations. A two 
feet contraction-rule is nearly a J inch longer than a common 
rule — strictly speaking, J inch in 2 feet 6 inches. This 
represents nearly the maximum amount of contraction for 
iron, and is fairly correct for general work. But an experienced 
pattern-maker knows that he must not trust too much to his 
rule, but that special allowances are required for special 
classes of work, and for different qualities of metal as weU as 
for different kinds of metal. Thus, while iron contracts an 
eighth in. in 15 inches, brass contracts an eighth in. in 10 
inches, steel a quarter in. in 12 inches. A heavy casting will 
contract less than a light one, while a small casting will often 
come out as large, or even larger than the pattern. Hard 
white iron will contract much more than soft grey iron, and 
the presence of large dried cores in the mould will diminish 
the amount of contraction. A plate with large superficies 
will almost invariably come out thicker than the pattern, 
owing to the fluid pressure exercised by the head of the 
runner, and also to the top-part box not being entirely 
rigid. Experience alone can guide in tliese matters; and 
some element of uncertainty will always be present, for 
different mixtures of metal will show different contractions, 
as also will rapid or steady lowering of the temperature 
in the cooling of castings. But in general, for castings of 
moderate size, the contraction-rule is practically correct. 
Few men provide themselves with a contraction-rule specially 
for gunmetal and brass. Eules are sometimes made having 
the divisions for iron contraction upon on? edge and those 
for brass ui)on the other. But one is n\)i to make blunders 
in measurement where this is the case, and the safer way 
is to have a rule giving contraction for iron only, and to 
make the additional allowance for gunmetal when necessary 
—very approximately one and a half times that of iron, or 
I inch in 10 inches. 
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The timber used for ordinary patterns is yellow pine. It is 
light, soft, easy to work, comparatively free from liability to 
warp and twist, and it is cheap. Red deal and pitch-pine are 
unsuitable, since in the foundry sand they absorb moisture, and 
become ridged and rough, causing the mould to tear up when 
the pattern is withdrawn. They are, besides, not so pleasant 
to work up as the yellow pine. For small patterns mahogany 
is an excellent wood, hard, strong, and not liable to warp. 
Its price precludes its use except for small patterns, or 
patterns wnich have to be moulded repeatedly. Other woods 
are occasionally used, but these are the best, and are the ones 
in commonest demand. 

Obviously the scope of such a work as this will not allow 
that much space should be occupied in the discussion of those 
matters which are learned by the apprentice during the first 
year or two of his time, and which in most cases could not be 
imparted except in the workshop. We are at least bound to 
assume that the readers of these pages are able to use their 
tools, and that they possess some utUe acquaintance with the 
internal arrangements of an engineer's factory. 

Of glueing, varnishing, the allowances for fitting and ma- 
chining, the taper on patterns for delivery in the sand, the 
use of cores and drawbacks, special tools, patterns for loam 
moulding, and so forth, we shall speak as occasion arises, 
thinking it better for the sake of variety to intersperse our 
remarks concerning these and other kindred matters amongst 
the articles themselves. It would be clearly impossible in the 
compass of a volume to instance every class of work and every 
contingency that might arise. What we purpose to do is, to 
take individual patterns of representative types, and while 
describing these in detail, to discuss, as occasion offers, the 
general principles to be borne in mind in the construction of 
each class of work. By bearing these first principles in mind 
no real difficulty need be experienced in dealing with excep* 
tional cases, modified forms, and so on. - 
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CHAPTER n. 
ON DESIGNING TOOTHED AVHEELS. 

Shop Drawing-boarcU. — ^Imj^rtance of shaping Wheel Toeth correctly.-^ 
Typical ronns. — Definitions.— Cydoidal Teeth. — WiIii8*B Odonto- 
sraph. — ^Involute Teeth. — ^Proportion Scales for Gycloidal Teeth. — 
Boiling the Tooth Curves. — Choice of Circles. — Piroportions of Arms, 
Bim, and Boss. — Building-up of Patterns. — Bing Segments.-- 
Jointing. — ^Pegging. — Kemarks on Turning Tools. — Mode of Use. 

We suppose we have to make a pair of cog-wheels which 
shall woriw correctly and smoothly into one another, and which 
shall neither look clumsy on the one hand nor break at the 
first occasion of stress on the other. Before attempting to 
make the pattern, then, we should draw the wheels out to full 
sizo. In the case of large wheels this is done on a drawing- 
board — not the board of the office draughstman, but the 
workman's board, made by laying several very dry pieces of 
stuff together edge to edge, and retaining them in place with 
battens screwed on the back. The face is then planed nicely 
over with a smoothing-plane, and whitened with chalk. The 
edges are shot straight and at right-angles with each other, 
BO that a T-square may be used from either edge. There are 
dozens of these boards of various sizes in every well-appointed 
pattern shop, it being frequently desirable to retain drawings 
for reference until after the castmgs are made. It is usually 
the foreman's duty to strike out the work on the boards. Of 
course, perspective drawing cannot be available for measure- 
ment; hence working drawm^ must be projections, consisting 
Off plans, elevations, and vertical and horizontal sections. AU 
save the simplest jobs should be struck out thus. This pra&i 
tice will frequently prevent mistakes, and enable the work- 
man, by a clearer understanding of the details and relation^ 
Bhips of mutual parts, to economise both time and timber. 

Given the drawing-board, there comes the important ques- 
tion how to design the whec^. SometimeB this is done in the 
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drawing-office, sometimes by the foreman of pattern-maters, 
Yet every workman should be able to design his own wheels 
in a proper fashion. He will naturally also and properly 
regard the teeth as meriting the first attention. On the shape 
of these depends the smooth workine of the wheels and in 
general their durability also. Teem of almost any shape 
will manifestly work together if sufficient clearance or space 
between their contiguous flanks be allowed. Teeth may work 
together by a succession of jerks, or they may glide smoothly 
over each other's flanks in constcmt contact. Teeth of large 
pitch may be relatively weak, while teeth of small pitch may 
be relatively strong ; each according to desig^. Also a form 
of tooth suited for one class of work will not always be so 
suitable for another dass. Hence the propriety of devoting 
to the forms and proportions of teeth a considerable amount of 
attention and care. 

There are two typical forms in use for the teeth of wheels, 
viz. epicycloidal and involute. There is also that close 
approximation to the true epicycloidal form known as tho 
odontograph. The involute is chiefly suitable for use where 
the wheel-shafts have varying centres, as in rolling mills. 
In general engineering, the epicycloidal is the best and most 
durable form of tooth, far preferable to any mere rule-of- 
thumb design. It is strong, elegant, works easily, and lasts 
good for a long time — that is if it be struck out cfiref uUy 
and with proper judgment. Now, it is the simplest thing in 
the world to strike out an approximate epicycloidal tooth that 
shall work with those of any other wheel, or any number of 
wheels, if one clearly imderstands the process. Before enter- 
ing, therefore, into the description of the construction of their 
patterns, it will be well to explain the methods of the design- 
ing of cycloidal and involute teeth. 



As a matter of course, in a technical work no apology will be 
necessary for explaining the meaning of terms and things which 
are perfectly well understood by experienced workmen. There 
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are, therefore, a few terms which I must explain before going 
farther. •'litch-line" (Fig. 1, a) of awheel is its circum- 
ferential line of teeth centres, which is in contact with, but 
does not intersect, Uie pitch-line of the wheel into which its 
teeth work. Theoretically, the teeth are only an accident ot 
ihe wheel, a form of construction necessitated by circum- 
stances; the ideal wheels are supposed to work by the 
friction of their smooth peripheries, those peripheries being 
considered as coincident with the pitch-lines. ''Pitch'' 
(Pig. 1, B^ of a wheel is the distance from the centre of one 
tooth to tke centre of its fellow measured on the pitch-line, 
which distance must be constant all round ; ** flanks " (Fig. 
1, o) are the sides of the teeth lying below the pitch-lino ; 
"faces" (Fig. 1, d) extend from the pitch-line outwards; 
" root " (Fiff. 1, b) is that portion of the tooth which meets the 
periphery of the rim; *' point" (Fig. 1, p) is the opposite or 
extreme end of the tooth ; *' cycloid " is a curve drawn by a 
point in the circumference of a circle rolling on a base line ; 
**epi-cycloid" is the curve formed without, ** hypo-cycloid" 
that formed within, the fundamental line or circle. * * Cy eloidal " 
is, however, the general term applied to the teeth formed by a 
generating circle rolling without and within the pitch-lines of 
wheels and racks. The. one essential condition m order that 
any two or more wheels of a set shall gear smoothly together, 
is that a single describing circle be used both for points and 
roots of eacn of the wheels in the set. Where two wheels 
only are designed to work together, we may select a descidb- 
ing Girde with a view to strength alone, a small circle 
spreading the flanks and making a broad root. But where a 
whole tiain of gearing is wanted, or where " stock " wheels 
are of necessity required interchangeable, the circle must be 
chosen with reference to the smallest wheel in the set, and 
must never exceed the radius of its pitch circle. Where thia 
radios is taken as the basis (usuaUy that of an eleven or 
twelve-toothed pinion) the tooth flanks become radial from 
the centre and the roots are weakened thereby. Still, as the 
roots can in most instances be strengthened by shrouding, the 
inconvenience is not so serious as it appears at first si^ht. 

In striking special pairs of wheels, of course it is not 
necessary to use the same describing circle throughout. It is 
in those cases only essential to bear in mind that the same 
cirde which strikes the roots of the wheel must strike the 
points of the pinion, and conversely. 
. The working out of the ciqrves necessary for every separate 
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wbeel inTolyes some little trouble and care ; and in order to 
lessen this, and to ensure more perfect uniformity of results, 
the late Professor Willis, of Cambridge, invented the odonto- 
graph scale. This instrument furnishes the workman with 
approximate radii and centres for striking the faces and 
flanks of teeth. The annexed diagram. Fig. 2, represents the 
scale drawn to half full size, with some columns of small 
pitches omitted, and the method of its use is as follows : — 

Say, for instance, we have a wheel of 24 teeth, l^inch 
pitch. We strike out the pitch-line, and the lines represent- 
ing the points and roots of the teeth, Fig. 3. Then laying 
down a distance equal to the pitch, yiz. li inch, upon the 
pitch-line, we bisect this ; which bisecting Ime will represent 
the side of a tooth. Draw 

lines from the pK>int8 which ^ 

represent the pitch centres 
to the centre of the wheel ; 
call these lines a and b, and 
the line of bisection o. Now 
lay the sliEmt edge of the scale 
against the line a, allowing 
the graduated edge at t (see 
Fig. 2) to cut the pitch-line 
there. Looking down the 
"scale of centres for the 
flanks of the teeth," we find 
opposite l^inch pitch and 24 
teeth the number 30. So we 
place one leg of the compass 
against 30 on the graduated 
edge, for the flai^ of the 
terai, and set the other to the 
point of bisection, c, on the pitch-line, and strike our flank, /, 
with the radius so obtained. We then remove the slant edge 
of the scale to the line b, allowing the graduated edge at t, 
Fig. 2, to cut the pitch-line once more. LooHng down the 
li-inch column of '* centres for the faces of the teeth," and 
along the row marked 20 (that being the nearest to 24), we 
find the figure 9. The division 9, therefore, along the scale of 
centres for the faces of the teeth is ihe point whereon we set 
our compasses for striking that portion of the tooth above 
pitch-line, y, and the radius is taken as before to the point of 
Disection in o. 

fhU gcale is very useful, and a comparatively unskilful 
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workman may be intrusted with its employment. When 
radii are required for wheels not in the list, it will be suffi- 
cient to take those intermediate between numbers given. The 
instrument is sold both in card and brass at the price of a 
few shillings. 

"We said that the involute form of tooth was chiefly suitable 
for shafts with varying centres. Hence the pattern-maker is sel- 
dom required to construct this type of wheel. In these the path 
of contact of the teeth is always in the lino of tangent to the 
base circle, and the outline of the tooth is, as its name implies, 
that developed by the unwinding of a cord from a base circle. 

Assuming the pitch-circles of a pair of wheels to be given 
approximately (though we may say there is no pitch-circle in 




Fig. 4. 

the sense in which the term is used in cycloidal wheels) the 
way to proceed in setting out is as follows: — Assume a 
working depth of tooth below pitch-line, Fig. 4, a, and strike 
a circle, b, concentric with the pitch-line on the larger wheel ; 
draw a tangent, c, to that circle, cutting the pitch-line at rf, 
and prolong it to about an equal distance beyond. From the 
centre of the smaller wheel strike a circle, e, cutting this 
tangent on the prolonged line, and this circle will give the 
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working depth of the cogs of the smaller wheel. Bottom 
clearance, /, /, must be given below these base-lines. 

The tooth flanks may be marked by a needle point stuck 
in the edge of a strip of wood, the latter being rolled around 
the base circle, just as a piece of string mi^t be unwound 
from a cylinder. The curve being thus foimd, an approxi- 
mate radius might be taken, and ail the flanks struck from a 
line* of centres. The centre for such a radius will be found at 
about one-fourth of the distance from y to (^ on the tangent 
line, or at h in the larger wheel. 

If we find on trial that the points of the teeth of the wheel 
fall short of the base -line on the pinion, we must bring the 
base-line of the wheel nearer to the pitch circle, thus giving 
a higher angle to the tangent line, and in consequence pro- 
ducing a shorter tooth. The length of tooth is thus confined 
within certain narrow limits, and we may have to make two 
or three trials before we strike a fair average sliape. 

Betoming to our cydoidal teeth, in which the interest of 
the pattern-maker chiefly centres, we require a fixed and 
uniform scale for their length. To some extent this is arbi- 
trary—or perhaps we should say, experience has indicated the 
proportions which now obtcdn among engineers. The longer 
the tooth the weaker it becomes ; but a short tooth, on the 
oUier hand, has less wearing surface. 

The dimensions of wheel-teeth are invariably given in pro- 
portions of the pitch. These proportions embody the results 
of practical experience. Though different tables vary slightly, 
it is preferable, when a scale has been once adopted, to adhere 
uniformly to it. A scale can be constructed with a little care, 
and if preserved will save the trouble of marking out fresh 
proportions whenever a wheel requires to be made. Take a 
piece of paper and glue it on a board about 16 inches by 
4 inches. Wlien dry, line it out as in the diagram (Fig. 5). 
Divide one end into 15 equal parts; lot lines from these divi- 
sions converge to a point 12 or 15 inches away. Now draw 
lines across of certain fixed lengths — ^ inch, J inch, 1 inch, 
and BO on— and also lines for the odd eighths, | inch, i mch, 
&C., intermediate in position. These lines will represent the 
various pitches that may be required. Let them advance thus 
from i inch up to 3 or 4 inches. Now, on this scale the whole 
depth of tooS is represented by 12 divisions, the depth from 
piteh-line to root by 6* divisions, and as a conseque^^^^^^ 
depth from pitch-line to point by 5* parts It ^^^^^^^^ne 
if ttie teeth were equidistant above and below the pitch-hne, 
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the points of one wheel would g^ind in the roots of the other. 
Hence the reason of bottom clearance. The thickness of the 




teeth is taken as equal to 7 parts. That leaves one part for 
flank clearance between contiguous teeth. These cuyisions 
may be indicated by deeper lines on the scale. This is a con- 
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renient and handy form of scale, and the proportions are good. 
Somo authorities give rather more, some rather less, others 
give ratios yarjing slightly in the case of large and small 
wheels. A comparison of the proportions given in the works 
of Box, Unwin, Molesworth, and D. K. Clark will sho»v 
some slight Tariations. It is of no consequence, however, 
which be adopted, so that the same proportions are always 
adhered to. 

For the sake of clearer illustration, let us assume that we 
have to make a wheel of 75 teeth and 1^ inch pitch, to gear into 
a pinion of 23 teeth. Our wheel will then be 2 feet 5f inches, or 
for convenience say 2 feet 6 inches diameter upon tiie "pitch- 
line," and its pinion 9^ inches. Divide out the pitch circles 
struck in contact on the drawing-board into corresponding 
numbers of points — namely, 75 and 23 — ^by means of the 
"spring dividers," the screw on the dividers permitting of 
more delicate adjustment than the ordinary quadrant com- 
passes. 

Now apply the proportions of the tooth scale to the wheel 
and pinion alike. Take 7 parts where the 1^-inch line cuts 
the scale ; that will be the thickness of our teeth. Take 5^ 
divisions on the same line ; that will give the length of the 
flanks of teeth. Take 6^ parts, also upon the same line, and 
that will give the depth from the pitch-line to the root. 

Having thus obtained length and thickness, we will pro- 
eeed to strike out the teeth, and having 
already explained how to use the odonto- 
graphy we will now instead find our own 
cycloidal curves. Get two bits of wood 
an eighth thick, cut the edges of one to an 
inside and outside curve respectively, of 
the same radius as the pitch diameter of 
one wheel (Fig. 6) ; cut the other piece 
in like fa^ion to the pitch diameter of 
the other wheel, and lay one edge of each 
sweeped piece on its respective pitch-line. 
Now make a number of discs ranging from 
1 inch up to 6 inches, advancing by a ^ inch 
in diameter. Drive a neeme into the 

ed^ of each at an an^le of about 45* ^ 

(Fig. 6), allowing the point to project be- j,^ ^ 

yond the edge sufficiently to make a scratch. 
These are the rolling or generating circles, for the formation 
of Uie epi- and hypo-cydoidal curves. Take one of the discs, 
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bearing in mind the remarks made in the last chapter relative 
to the choice of the generating circle, place the point of the 
needle against the inner edge of the sweep, and roll the 
disc along, exerting a gentle pressure downwards at the same 
time. The needle point will describe the flank of the tooth 
below pitch-line (Fig. 7, a). Obviously the diameter of the disc 
will regulate the breadth of the tooth below the pitch-line : a 
small disc will spread the flanks, making the root very broad ; 
a large disc will make them inconveniently narrow and weak. 
For &is wheel a 2f or 2J-inch disc will give an elegant and 
strong root, and a disc of this size will be suitable for a constant 
describing circlo for wheels of this pitch, taking a pinion of 
twelve teeth as the smallest of a set. Having now got the 
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curve for the flanks of the teeth lying hehw the pitch-line in 
tlie large wheel, use the disc which generated them to strike 
the faces of the pinion teeth lying without the pitch-line. For 
that purpose lay the outer pinion sweep on its pitch-line, and 
roll the disc as before. The edges of the templets will now be 
reversed, and the faces oi the wheels (Fig. 7, h) and the flanks 
of the pinion wJ.U bo generated by the same circle. It may 
be noted that these curves, thus generated, are not perfect 
arcs of circles, but so infinitesimal is the deviation, that they 
are in practice struck with a compass. For having found, 
by trial, a centi-e iur the best approximate radius, the flanks 
of all the teeth are struck uniformly with that radius. To 
insure accuracy in these centres, a lino is struck from the centre 
of the wheel, passing through the centres of all the radii. 

Wheels marked out thus are in constant contact, the flanks 
of the teeth roll smoothly one over the other, and a very small 
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amount of clearance is necessazy. Working easily, and being 
free from shock, they will last much longer than wheels made 
by mle-of -thumb practice, and will also produce less noise. 
We have considered our wheels as a portion of a M>t, and 
have therefore used the 2 1 -inch circle for faces and flanks 
alike. But in making special pairs of wheels we can use two 
cirdee with advantage. Thus, if we wanted a verv strong 
pinion, we might take a describing circle much smaller than 
the pinion radius, and so spread its roots. In making bevel 
wheels, which can gear only in pairs, we can adopt this expe- 
dient very well. Also in making a new wheel to gear witli 
an old and perhaps badly shaped one, wo shall discover first 
by trial what circles will strike the flanks and faces of the old 
one, and make our new one to correspond. 

With respect to thickness of arms, rim, boss, &c., rules are 
somewhat arbitrary. A good deal will also depend on the special 
work the wheel has to do. But commonly these are also given 
in terms of the pitch, modified by diameter, breadth, diameter 
of shaft, &c. The number of arms in a wheel between 10 or 
12 inches and 2 feet in diameter may be four ; under 10 or 
12 inches the wheel will be a plated or disc wheel. But this 
also will depend on pitch, for a 2-feet wheel of fine pitch 
should have half-a-dozen arms, while a wheel may be plated 
up to 2 feet in diameter if it be of a 3 or 4-inch pitch, and is 
carried by a large shaft. From 2 feet to 6 or 7 feet in diame- 
ter a wheel should have six arms ; but if of larger diameter 
than that it should have eight or ten. The width of the arms 
measured nearest the rim may be roughly taken at twice the 
pitch; but the following formula from Box on ** Mill-Gearing" 

is preferable : 

7-34 xPxWx VN _ ga 

Where 

7-34 is a constant multiplier, ' 

P = pitch, 

W = width of wheel, 

N = number of pinions which wheel has to drive, 

A = number of arms. 

The arms taper from the boss towards the rim about f i»ch 
in width for every foot of length. The thickness of the arms, 
as also of the rim, should be the same as that of the teeth. 
The ribs, or cross-arms, should be half tliis thickness, and be 
slightly tapered towards their outer ends. The boss in small 
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wheels should be twice the diameter of the bore ; but beyond 
a bore of 3 or 3^ inches this would make the metal excessive. 
Then this formula may be used : 

8 = *• + id. 

Where 8 = thickness of metal in boss, 

J" = a constant, 
d = the bore of the wheel. 

The length of boss should be greater than the breadth of 
the wheel to ensuro steadiness on the shaft, and may be 
obtained thus :- l = b + 006 R. 

Where L = length of boss, 

B = breadth of wheel, 
R = radius of wheel. 

The breadth of tooth is purely arbitrary, but it frequently 
bears some relation to the pitch, from three to three and a haft 
times that measurement being tiie commonest proportion. We 




Section a^a 
Fig. a 



will plate tho smaller wheel of the two with a disc having a 
thickness of one-fourth the breadth of tooth. Our wheels will 
therefore have the accompanying dimensions (Fig. 8), to which 
dimensions we now proceed to make the patterns. 
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Anyone who lias had the least experience in woodwork* 
ing knows how stuff which is even moderately dry will 
ehnnk and warp out of truth after having been opened out 
to tho air. In a newly-out surface, either desiccation or 
absorption of moisture will occur, depending upon the con- 
dition of the timber and the state of the atmosphere. And 
when wood warps, ourvature in the direction of its breadth 
always takes plaoe. Further, wood is only strong to resist 
transverse and tensile strain in the transverse se^on of its 
fibres ; henoe ** short ^^rain " miist be avoided, as well as wide 
unstayed superficies m patterns. For these reasons many 
patterns are, in workshop parlance, ''built up," and so the 
rim of our wheel will be built up in courses, or layers of 
segments. In this case the rim being 3^ inches wide, there 
may be four courses of 1 J inch thick, or five courses of full 
t inch each. Let it be noted that the greater the number of 
courses, the less liable is the pattern to warp or to become 
disjointed by rough usage. A ring built up with a large 
number of tiiese segments is like the old man's bundle of 
sticks in the fable. 

Where the wheel is marked out in ''section," take the inner 
and outer diameters off the drawing with a pair of beam 
compasses, more commonly called " trammels,'' and describe 
a template segment on a thin piece of board, allowing i inch 
both mside and outside for turning off, and i inch at each 
end for jointing. In wheels of less than four or five feet in 
diameter let six such segments go to the circle ; if larger than 
that, have eight or ten. Now mark out the necessary number 
of segments m>m the one thus obtained, and saw these roughly 
to shape with a bow, compass, or band saw. The next matter is 
to face up a wooden chuck true, and elue the first set of 8eg« 
ments upon it. This first set must not be glued directly on the 
chuck, but to strips of paper glued, one side to the chuck, 
the other side to the segments. This prevents the wood from 
splitting away when the finished pattern is lifted from the 
plate, for the paper, though strong enough to retain the ring 
m place while being turned, splits through the middle when 
the pattern is lifted with a chisel. 

Allow this first course of segments to become properly dry 
and set; then, with a turning- gouge, just skim off the rough 
surface of the wood. Then take a firmer-chisel, and scrape 
the surface smootti and level. This is most essential, as the 
beginner will learn when trying to joint the next course. A 
wooden straightedge must be chalked and passed over the sur. 
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face from time to time, the projecting parts of the-wrork being 
reduced as indicated by the chalk. When a straight un- 
broken line of chalk becomes transferred from the straightedge 
to the face of the ring, the surface is true, and ready for the 
next layer. Chalk over this faced portion, and fit to it the 
next course of sweeps, using a trying-plane, finely set. Plane 
the ends of the segments from the edge 
of a shooting board, or saw them with 
a fine tenon-saw. Glue them down, 
taking care, as in all glued joints, to 
work out all superfluous glue by rub- 
bing and pressure combined ; and have 
the glue newly made and rather thin. 
The end joints must overlap— that is, 
they must come one over the other alter- 
nately, like bricks in a wall (Fig. 9). 
The further security of the joints may 
be insured by fttstening them either 
with nails or pegs, the latter mode being 
preferable. Ncdls have an impleasant 
way of bending aside, and appearing 
just where they are not wanted. Pegs 
will hold as well as nails and cannot damage a sharp tool. 
The pegs should be splttf not sawn, out of pine, and tapered 
and iriven tightly into the segments through bradawl-noles 
bored for their reception, and they may be touched with glue 
to increase their adhesion. 

Having completed the building-up process, now turn the 
ring, roughing with a tuming-ffouge, and finishing with a 
firmer-chisel, diamond-point, and round-nose. 

A word about these turning-tools. The multitude of tools 
used by amateurs and ornamental turners have no place in the 
pattern-maker's kit. Gouges, side-chisels, firmer-chisels, 
round-nosed tools, and diamond-points, each in two or three 
different sizes — these are all which are ever required. Beyond 
a plain moulding, anything artistic in the pattern-shop is 
seldom wanted. 

The gouge used by turners is a stout tool, ranging from 
i inch to li inch in width. The f-inch and the J-inch are the 
most useful in general pattern-turning. In common with all 
turner's tools, its handle should be long, say, a couple or 
three inches longer than the tool itself. Much depends on the 
way in which it is ground. A gouge ground like Fig. 10 will 
do very well for c|mckiy roughing down a long parallel sur- 
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face ; but for a moulding, or even for our wheel, it would be 
utterly unsuitable, because of the readiness with which its 
comers would catdi in the work. What more trying to temper 
and patienoe than to see a piece of work, when all but 
finished, disfigured by a *' kick " of the gouge at the last cut, 
or knocked out of truth by the force of the sudden arrest ? 
But by grinding the |;ouge as shown in the second figure (Fig. 
11), and holding it shghUy sideways, round and hollow por- 
tions of work, and small comers, may be turned safely and 
quickly in half the time that woidd be occupied by an 
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Fig 13. 



Fig. U. 



unskilful workman in scraping to shape with round-nose and 
chisel. Note also the double-bevelled obliquely-ground 
chisel (Fig. 12). The obliquity need not be very ffreat. 
It is used as a shaping and parting tool ; but it should be 
ground thin, and be held very firmly in the hand when in use 
as a shaping instrument. Gripping the handlo in the right 
hand, place the forefinger of the left hand underneath 
the rest of the lathe, and clasping the tool between the 
last three fingers and the thumb of the same, turn, with 
the edge inclined at an angle with the axis of the work, 
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euttmg noorer to the obhue than to the aoate-angled end 6f 
the chiseL^ For work of less than 3 inches diameter, a side 
chisel is a* dean and easily used tool ; but work of larger 
dimensions had better be scraped with the firmer-chisel, which 
must be groimd to a more obtuse angle than is required for 
common paring purposes. 

For working hollow radii, the ronnd-nose in Fig. 1 3 is useful 
either to dean and finish what the gouge has roughed out, or 
to work a hollow where it would be inoonyenient or unsafe to 
attempt a gouge cut. This should also be ground somewhat 
obtusely. A stiff f-indi coachmaker's or a mortise-dusel 
makes a capital roimd-nose, the superiority of each over a 
firmer-(^sel consisting in their greater rigidity. For finishing 
holes, or for deaning up the inner parts of small cylindriciS 
work, where a square-ground chisel would not enter, the 
diamond-point or side-t<K)l is used (Fig. 14\ This is ground 
to any angle, but a very acute one is preierable, because it 
will then embrace a very wide range of holes. 

All these tools should be kept sharp. It is a mistake to 
suppose that turning- tools do not not need so much care in this 
particular as bench tools. Certainly a dull instrument, which 
would be useless on the bench, can be made to scrape in the 
lathe. But no amount of scraping and fflasspapering will 
compensate for the evil of badly sharpened tools. The time 
spent in keeping them in good order is more than saved by 
the workman. 

Lastly, hold all turning-tools very firmly in the hands. A 
feeble or unsteady grasp will produce mischievous results, as 
the iyro early learns by woful experience. Wood-turning is a 
beautiful art, and although there is no scope in the pattern- 
maker's occupation for its higher devdopments, it should 
be every workman's aim to render himself an adept at the 
lathe, and to turn out his work with a finish that would yidd 
credit to a professional turner* 
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SPUR QEARINQ. 

Taper in a Wheel Rim. — ^The use of Yamish. — Methoda of making Teeth. 
—Working Teeth in place.— DoTetailed Teeth.— Block Templets.— 
Their comparatiTe Merits.— GlaaBpapering^Locking toother of 
Wheel Arms. — Bees and Ribs. — ^The use of Hollows in Castings. 

Wb will allow the alifflitest possible amount of taper on the 
outside of our ring, where the teeth are to be fastened — ^not 
more than Vr inch in the diameter. If we give an excessive 
amount of taper here, the teeth of the wheel wiU be working 
on their comers, and the stresses wiU be concentrated there 
instead of being distributed equally along the entire flanks. 
But on the inside of the rinp^ we can g^ve as much taper 
as we choose, without weakening the effideucj of the wheel. 
80 there we will eive i inch in the diameter. The cor- 
rect way to check me outside is, after having ** faced " the 
ring, to hold a straightedge to that face, and take that as 
a base from which to test me accuracy of the rim by means of 
a set 8<niare slid against it. If the square be true, the 
amount Iby which the periphery of the wneel ring deviates 
from contact with it will indicate the amount of taper in the 
ring. The taper of the internal diameter can afterwards be 
measured by calipers. 

The better dass of patterns are varnished with shellac 
varnish, made by dissolvmg shellac in methylated spirit or in 
naphtha. Two or three successive layers are applied with a 
brush, each layer on drying being glasspapered down before 
the application of the next. This vamisn answers two very 
useful purposes. To a great extent it prevents the moisture 
in the foundry sand from penetrating into and swelling the 
pattern out of proper shape ; and also, by coating its surface 
with a smooUi and glossy skin of shellac, facilitates its with- 
drawal from the mould, which process, in a roughly finished 
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pattern, often breaks away or tears up the sand in patdies, 
thereby entailing extra work upon the moulder. Therefore 
our rine will be varnished all over except on the periphery, 
where the teeth are to be fastened. 

There are three principal methods of making the teeth. 
One is as follows: — ^Blocks of wood are sawn out, rather 
larger each way than the teeth, and glued round the peri- 
phery of the ring, the centres of the blocks coinciding with 
the intended centres of the teeth. When thoroughly set these 
are turned off flush with the faces of the ring, and to the same 
diameter as the points of the teeth. Sometimes wedge- 
shaped slips are fitted between the 
toom blocks before they are turned, 
but a careful workman can dispense 
with these safeguards. The teeth 
are then pitched, and struck out in 
position on one face of the wheel 
(Fig. 15). A few pitch centres are 
then prolonged to the edge, and squared over to the other 
face, which is also pitched out in like manner. The teeth are 
TK'^rked through with gouge and chisel. 

Another method is to cut a number of dovetail-shaped 
grooves roimd the rin^, coincident with the intended centres 
of teeth, to fit dovetailed slips into these, then to glue and 
brad these slips on the rougn blocks intended for tiie teeth 
(the slips, of course, being temporarily removed for that 
purpose). These blocks, then, held in position by the dove- 
tails, are turned and marked out in position in the usual way, 
but being attached to the movable dovetails are afterwards 




Fig. 16. 
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Fig. 16. 




Fig. 17. 



leadily knocked out, and worked to shape with planes, instead 
of with gouge and chisel. They are returned when finished 
to their places, and glued in finally (Fig. 16). 

The third method is to make a blo^ of hard wood, with 
one edge worked to the shape of the tooth, and notched out 
in the middle to just its required length and width. Into 
this templet the blocks intended for the teeth are driven and 
there planed to shape, the plane being guided accurately by the 
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contour of the hard wood (Fig. 17). These teeth are then 
set to the centres pitched out on the ring, either by one of 
their edges or by a centre line marked on each of their ends, 
and whUe the glue is still wet they are adjusted more 
minutely by means of calipers and square. 

Another method useful where only a few teeth are required, 
as for a pinion of from ten to twenty cogs, is the following 
(Fig. 18) : — Get a piece of wood long enough to embrace the 
radius of the pinion, strike a sinffle tooth upon it near one 
end, with the necessary centres, then cut out a notch suffix 
ciently wide to embrace the root of the 
tooth. Plane the stuff intended for the 
teeth quite parallel to the width of 
this notch, square one edge, and cut to 
length. Drop each end of each tooth 
block in succession into the notch in 
the board, and mark out. The rigidity 
of the centres will ensure their being 
all marked alike, and they can be 
worked to shape with planes. 

Of these four methods, the fbst is 
very accurate, owing to the teeth being 
pitched out in place ; but there is the 
Borious disadvantage involved in the 
use of gouge and chisel instead of the 
plane. Very much time is occupied, and 
in the hands of a dimisy workman the teeth will become hol- 
lowed and rounded, and will show angularites which will 
interfere more or less with their easy moulding and their even 
working. The second system is undoubtedly the best, as it 
combines complete preddon in marking out with perfect accu- 
racy iu Siiapiug, and the time occupied in dovetailing is saved, 
or very nearly saved, in the operation of working to shape 
with the plane instead of with the gouge and chisel. Still, it 
is an expulsive method, and except in the case of wheels 
requiring great perfection, or in standard patterns which are 
to be constantly in use, is an unnecessary expense. The 
third and fourth plans are the cheapest, and are sufildently 
good for ordinary work. The teeth having been worked in 
the block, are, as before mentioned, glued on the centre lines 
marked across the rim of the wheel, and checked with square 
and calipers before the glue is set. The square is tried along 
the flanks of the teeth, to see that they are at right- angles 
with the faces of the wheel, and the calipers are tried across 




Fig. 18 
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from one tooth to its next fellow on the pitch-line, to insure 
uniformity in their pitch throughout. When the teeth are 
set firmly, clear away the superfluous glue with a chisel ; 
secure tikem permanently by driving a couple of brads 
throuG^h each into the rim ; punch in the heads of the brads, 
and fill up their heads witib. a mixture of chalk and shellao- 
yamish, or of putty. Then proceed to glasspaper. This 
requires to be carefully done. Make a rubber shaped on one 
side like that portion of the flank of the tooth below pitdi- 
line, but the reverse way, and let the other side be flat. 
Laying the glasspaper on this, rub the flanks across the 
grain, and ti£e care that the rubber beds firmly against the 
teeth whilst in use, else the glasspaper will injure their 
shape by making ihem rounding. The teeth should be 
tapered slightly for delivery, but so slightly that bearing 
a trifle harder on the down side than on the top with the 
glasspaper will make sufficient taper in a shallow wheel. In a 
deep wheel the teeth should be marked out a little larger on 
the top than on the bottom side, only, however, by the thickness 
of two or three shavings. When glas^apered, apply varnish, 
rubbing down each coating before applying its successor. 

Now take the arms. Plane up three strips of wood, each 
as long as the diameter of the wheel, as thick as the arms 
are intended to be, and wide enough to include the radii by 
which they curve into the rim. Next set a bevel to 60®, 
and with this bevel laid against the edge of one of the strips, 
describe two lines the width of a strip apart, and equidistant 
from the centre of the piece. Divide the thickness into three 
parts, and gau^e and cut out two such parts from the central 
space included between the bevelled lines just marked. This 
recess may be roughed out with a paring-gouge and chisel, 
and finished with a rebate-plane (Fig. 19, a). Now take the 
second of the three strips, mark two bevelled lines as before, 
but gauge and cut out one-third only of the thickness of the 
strips (Fig. 19, b). Drop the two pieces together, and they 
will be flush top and bottom. Take the third piece, and mark 
four instead of two bevelled lines upon it, crossing one 
another, which lines will of course meet in l^e longitudinal 
centre of the strip. Gauge and cut out two-thirds thickness 
between these lines (Fig. 19, o), it will then drop over the 
edges of the other two pieces. Place this arm in position, 
and mark two lines coincident with its edges upon the two 
arms previously locked together. Then cut away the wood 
between these two lines (Fig. 19, d and b, e) a third deep, and 
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dzop {dece c in place. On the stufP thus framed toeether now 
mark out the six arms (Fig. 20), take apart and work, and glue 




Flff.l9. 



together finaDy, then let into rim. Cut the ends of the arms, 
say, i inch shorter than the diameter of the rim ; lay them 




on the back of the wheel, and mark, from their ends and 
adjacent sides, half-a-dozen recesses on the rim, to be cut out 
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to a depth equalling the thickness of the arms. Into tiiese 
they will be dropped, glued, and screwed. 

Now turn a boss for the wheel -centre, and screw it in place, 
Fit the half-dozen ribs between the boss and the interior of 
the rim, screwing them through the arms from the back. Or 
these ribs may bo locked together similarly to the arms, and 
the boss fitted over and between them. This would giv« 
greater rigidity to the wheel-centre. 

Our wheel might now be considered finished but for one 
little matter, which is of more importance than it might seem 
at first sight. A good engineer will always endeavour to 
avoid sharp comers, therefore it is customary to put what are 
termed '* hollows" in the best patterns. These are 
strips of wood worked out to the annexed section. 
Where they are not actually put in the pattern, the 
moulder cuts them in the sand with a special tool. 
Tlie reason why sharp comers are avoided is this : — Cast-iron 
always crystallises at nght-angles to the surface against 
which it is cooled. Hence a ring will be the strongest form 
of casting, because the crystals will all radiate symmetrically 
(Fig. 21). But take a right-angled figure (Fig. 22) : 
obviously there will be a break of the crystals just in the 
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Fig. 22. 




Fig. 23. 



angle of the casting, forming a permanent source of weakness. 
Invariably, other conditions being equal, the casting will give 
way here before anywhere else. Put a hollow, however, in 
the angle, and the crystals will form without any line of 
separation (Fig. 23). 

For this reason many of the best wheels are made with 
hollows at the roots of the teeth, for here the action of 
leverage on the tgoth induces the greatest stress. And it 
should be laid down as a rule that shai'p corners in all cast- 
ings subject to much stress should be avoided. In the case 
of a wheel, we shall put the hollows in the pattern. Plane 
up some strips of wood, say J inch square and two or three 
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feet long, lay ilieni on an angle-board, and with a round 
]dane, about No. 10, hollow them out in a diagonal direction, 
then cut them off to required lengths, and glue and brad in 
poeition. 

All that now remains to be done is to fill up all screw and 
brad-holes with a mixture of chalk and varnish, or putty ; 
glasspaper and varnish ; put on a core-print in the centre of 
&e boss on the down side, and a rapping plate or two on the 
top side of the pattern. 




Section a~a. 
Rg. 23fl. 

Fig. 2Sa illustrates the pattern, certain portions of which are 
broken away and removed, the better to show the details of 
its construction. The pattern is shown complete on the half 
view to the left hand, but the teeth and vertical ribs are 
removed in the half view to the right hand. The arrange- 
ment of the segments is clearly shown in, and llie timber 
shading illustrates the disposition of the grain in segments, 
arms, and teeth. In this figure a is the rim, b the flat arms, 
G the vertical arms or ribs, d the teeth, e the central boss, f its 
print. The ribs c are not shown on the right-hand side, and 
the rim is also broken away at a to ahow the end of an arm cut 
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ready for fitting into the rim. The small hollows noticed on 
p. 26, are not drawn in, because the figure is too small to 
admit of their neat insertion with correct timber shading. 

The complete pattern for the plated pinion is illustrated in 
Fig. 23i. As already mentioned the plated portion should 
not properly be made of a single solid piece of stuff. It should 
either be made with open joints as in Fig. 23c, or with radiat- 
ing segments as shown in Fig. 23^. Eing segments are built 





Section a— a. 
Tig. 236. 



Fig 23<J. 



upon each side of the plate, as shown, to form tlie rim b. The 
teeth c are fitted and worked by one or other of the methods 
already described. The bosses d d are turned with studs fitting 
into a hole bored in the centre of the plate, and are not glued. 
This is a good method often adopted in wheels and pulleys in 
preference to making the bosses an integral portion of the 
pattern, whereby the advantage of inter-changeability to suit 
shafts of different sizes is secured. The bottom boss may be 
screwed to the plate, but the top one should be left loose to 
come up in the cope, e is the print for the centre core. 
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PrindpU of Derel-wheels. — Mode of Ririking out — ^Wheels in Section. 
— ProiecUon ol Teetii. — Building-up of *' •"* « . 
T<;mplet8.— Getting Centres for the Teeth 



Thb making of a bevel-wheel involves the exercise of rather 
more skill uian the making of a spur-wheel. In the case of 
the former there are two diameters, a larger and outer, and a 
smaller and inner diameter. The pitch and pitch diameters 
are reckoned on the outer or larger diameters of these wheels. 
The size of the inner or smaller diameter, and the pitch- 
centres on that diameter, will be controlled entirely by the 
breadth of the wheel, a wide tooth manifestly making the 
inner circle smaller than a narrow tooth would do. The 
same remark of course applies to mitre-wheels, which are 
simply bevels of equal diameter set at an angle of 90°. The 
one essential point to remember in these wheels is that all 
lines representing tooth-flanks, thicknesses, lengths of radii 
for striking curves of teeth, &c., converge to the common centre 
of the wheels. 

For the working drawing we strike out a sectional view 
(Fig. 24). Mark the pitch-diameters, a and b, on thedrawing- 
bosra at right-angles mth each other if the wheels are to work 
at right-angles ; at the proper bevel if at any other angle. 
Where the axes of these pitch-diameters intersect, o, will be 
the common centre of the wheels towards which all lines con- 
verge. Project, therefore, these pitch-lines from the pitch-point, 
tf, to the common centre, o ; upon them mark off the breadth 
of the tooth, J, and there draw lines at right-angles to the 
pitch-plane, a — c, cutting the projected centre line at c, d, e^f. 
Now measure off the distances above and below pitch-line on the 
larger diameter of wheel, thence draw lines towards the centre 
as far as the inner diameter of the teeth, g. The distance be- 
tween these lines there projected will represent the length of 
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the tooth on the small diameter. In like manner, indicate 
the thickness of the tooth on the outer circle ; that dimension 
similarly projected will give its thickness on the inner circle. 
And when afterwards the radii are found by which the flanks 
of the teeth are to be struck, the lengths of these radii pro- 
jected to the inner circle will be those used for striking the 
small ends of the teeth. 







Fig.». 



Figs. S4 and 25. 

The correct way to strike out the teeth is as follows : — 
Project the line (Pig. 25) which represents the axis of the 
wheel to a considerable distance outwards, then draw a line at 
right-angles with the pitch-line, and coincident with the out- 
side faces of the teeth, prolonging it until it cuts tlie projected 
centre-lino, c. The distance from this intersection to the pitch- 
line on the outer diameter will give the projected radius of 
the larger diameter of the wheel. The same method adopted • 
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in the case of the smaller diameter will give the proper 
radius for that also. On the arcs struck by these radii use 
rolling circles exactly as in a spur-wheel. The same rules 
also will apply to the general proportions of bevel as to those 
of spur-wheels. 

Haying struck out our wheels in section, the next care wiU 
be to buud up the ring. Evidently the segments of which it 
is composed will not be built vertically one above another. 
They will overlap as shown in sketch (Fig- 26), and should 
be pencilled in that position on the sectionai drawing to guide 

^..___ ^® workman when sawing out. 

f ^^\ I The ring being built up, accord- 
j ing to me instructions given in 
J Chapter II., the turning becomes 
a matter requiring care. In this 
case we must make templets (Fig. 
27). We shall turn the outer 
face on which the teeth are to be 
fastened first. Face the wheel and 
strike the diameter a first, taking 
it with compass or trammel from 
the board. Make templet b by the board also ; then putting 
a straightedge across the level face, turn the outer bevel of 
the rim until the templet is coincident with the face of the 
straightedge on one edge and with the bevelled wheel face 




Fig. 26. 




rig. 27. 

on the other, as shown in diagram. Then turn the narrow 
edges with a bevel set to their respective angles. If it is 
intended that the teeth shall be turned and pitched out in 
position, they should be glued on at this stage, before the 
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ring is taken off the chuck ; but if not, it will now require to 
be chucked for the purpose of turning the other side. This 
will be done by running a shallow groove, say J inch deep, 
in the face-plate, into which £ke portion of the rim marked 
A will fit, and screwing the rim into this groove from the 
back of the plate. The back, or inner face, will then be 
turned vdth straightedge and templet, as indicated at B. 
Here the advantage of pegs over brads will be apparent, for 
they will come through the bevelled segments everywhere, 
without being detrimental to the tool edges. 

The arms may now be locked together, as in the spur-wheel 
pattern ; but we shall not be able to recess the ring for their 
reception, so must simply fit them to its internal diameter, 
and secure with glue and screws. The hollow sweeps coming 
into the angles, being fitted afterwards, will give them addi- 
tional support. The boss and the cross ribs will be made 
also as in a spur-wheel ; but it will be more favourable for 
moidding if they are left loosely dowelled on the arms, instead 
of being screwed permanently. The reason is that while in 
the spur-wheel the ribs are downward in the mould, in the 
bevel- wheel they are uppermost, in order that the teeth, where 
the soimdest metal is wanted, shall be cast downwards. 

Fastening the teeth on the rim is a trifle more difficult than 
in the case of a spur-wheel, because the squeire cannot be 
brought into requisition. Proceed as foUows : — Having 
pitched the outer circumfer- 
ence of the wheel for the pro- 
posed number of teeth, raise 
a perpendicular line with 
compasses as shown in dia- 
gram (Fig. 28). This being 
normal to the circumference 
will be radial with the cen- 
tre, and as the teeth con- Fig. 28. 
verge to the centre will bo a starting-point from which to 
pitch out the inner circumference. Four or five of these per- 
pendiculars should be raised at regular intervals, so that the 
liability to error in marking out may be reduced to a minimum, 
and aliQost neutralised by taking the average of the whole 
series. The inner circumference pitched out, it only remains 
to work the teeth in a block, to mark centre lines upon their 
ends, glue and secure them in place, clean and varnish. 

Fig. 2Sa shows a segment of the bevel wheel pattern com- 
plete in part plan, and section. The arrangements of the 
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timber in the segments a, flat arms b, vertical arms c, boss d, 
and teeth e are rendered clear by the shading, f is the print 
for the central hole. In such a wheel the question of taper 
scarcely arises, because the bevel form imparts ample taper 
to teeth and rim. The only taper specially imparted is that 
given to arms and boss. The edges of the flat arms b are 
tapered downwards, that is in the same direction as the print 
F, and the vertical arms o and the boss b are tapered in the 
opposite direction, or upwards. From -sV to iV inch of taper 
on each side, dependent on the depth of wheel, will suffice. 





Fig. 28a. 



Fig. 286. 



A segment of the pinion pattern is shown in Fig. 28 J. The 
plate A is made with radiatmg segments, the mewod alterna- 
tive with that of open joints noticed in connection with Fig. 
23b on p. 28. The rim segments b are glued upon this, and 
the rim turned by means of templets. The teeth o are made 
and fastened on similarly to the wheel teeth. The boss d is 
left loose, being fitted with a central stud, and prints e and f 
are put on for the central core. Sometimes one central print 
only is used, that on the bottom side, as in the previous figure ; 
sometimes two. The only advantage of using two is that the 
core is centred in the top and secured in a vertical position 
without any trouble of measurement, and without risk of its 
heCffmxag Washed to one side. 
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WORMS AND WORM-WHEELS. 

How to RtrikA out. — With Cirdee.— With the Odontograph.— Pattern of 
Worm.— Templet of Diagonal Liiiee.^Mode of cutting Worm. — 
Building the Wheel.— Jointing.— The Teeth. 

It is not an easy task to make wheels of this class so that 
there shall be continuous contact between the teeth in every 
portion of their flanks in succession. Comparatively few are 
found to fulfil this condition, most worm-wheels touching 
only roimd their central portion. But continuous contact is 
not of so much importance in these as in spur-wheels, for 
almost any worm-wheel will work smoothly, simply because 
there are several points of contact between the worm and ita 
wheel in gear simultaneously, while in spur-wheels we have 
seldom more than two, frequently only one tooth, in actual 
gear all the time. 

To strike out a worm and its wheel proceed thus. We 
require, we suppose, a worm-wheel of 12-mch pitch-diameter, 
of 25 teeth, by 2 inches wide, to be driven by a worm of 
3-inch diameter. The pitch will be 1^ inch. Draw then a 
straight line Of inches long (the ciroum^rence of 8 inches), 
H inch out of perpendicu&r (Fig 29). This wiU represent 
the bevel of the wheel-teeth, and a length of 2 inches measured 
on tins line will give the amount of inclination of the centre 
lines of these teeth. Draw out tiie teeth in section. Two 
sections of the pair must be drawn, one horizontal (Fig. 80)^ 
cutting the teeth across the centre, the other vertical, taking 
them lengthwise (Fig. 31). The teeth in the horizontal section 
will be struck out as in an ordinary wheel and rack, the worm 
itself answering to the rack in this respect, that the base-line 
for the generating circle will be straight instead of curved, 
and if struck with the odontograph scede the slant edges will be 
placed against lines drawn at ri^ht angles with the pitch line. 

The involute form of tooth is the most suitable for these 
gears, as shown in the illustxatibn. 
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The ontUne of the vertical section will be decided by the 
diameter of the worm. Strike the 3-iiich pitch-circle from the 
worm-centre — that circle will also give the proper vertical curve 
to the pitch-line of the worm-wheel. Set o£E the depths of the 
teeth above and below pitch-line, as explained in Qiapter 11., 
and strike the lines representing these, both in wheel and 
worm, from the worm-centre. 





Tig, 99. 



Making the pattern of the worm first, joint two pieces of 
Btxiff together with dowells, of such a size that when turned 
with the joint exactly in the centre they will hold up to the 
diameter of the pointe of the thread. Secure them while in 
the lathe, either with a screw at each end (see page 206) or by 
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a couple of the cenire-plateB which are in common use in 
pattern-shops. Now turn to the required size in diameter and 
length, not forgetting the prints at the ends, which in this 
case will not require taper at all, because they will not mould 
vertically, but in a horizontal plane. 

There are two methods of marking out a screw or worm 
upon the plain turned body; one— of which we will speak 
when we come to talk about large screws — is by the projection 
of equally divided lines ; the other is by means of a number 
of diagonal lines marked on paper, and fastened round the 





i'ig. aa. 




Kg. 84. 



Fig. 82. 



wood to be cut out screw-shape. This latter is the one we 
will adopt for our worm, as being readier of application in so 
small a pattern. 

The diameter of the worm outside the teeth is 4^ inches ; its 
length, say, 4^^ inches. Get a piece of paper 13 x 4J- = cir- 
cumference and length ; on this mark diagonal lines 1^- inch 
out of perpendicular and 1 J inch apart = the pitch of the 
worm. Then another set of diagonals parallel with these, 
and at a distance from them equal to the thickness of the 
teeth at the point (Fig. 32). Glue this paper round the peri- 
phery of the turned block, and the inclined planes willdevdop 
the outline of the w'orm (Fig. 33). It only regains to make 
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a templet fitting between the teeth we have marked on the 
board, and to nse this templet as our guide in working out 
Uie space between the screw points (Fig. SA\ That portion 
of the templet which corresponds with the points of the spiral 
must be kept parallel with the points in working, since, if it 
is suffered to slope, the shape of the tooth will be affected 
thereby, and we sh^ get it unsymmetrical. It is best worked 
in the lathe between centres, the inter-tooth space being out 
away with saw, chisel, and paring-gouge. 

Tne wheel will be built up in me usual way, but it must be 
made in two halves, parted horizontally, and dowelled together. 
The reason of this is obvious. A pattern with projecting 
edges could not be drawn from the sand, therefore we must 
miuce it in two parts, jointed in the narrowest portion of the 
diameter. The moulder then uses a three-parted box, so that 
while the two end faces of the teeth are in the top and the 
bottom boxes, the teeth themselves are contained in a middle 
ring of sand. 

^uie worm-wheel being rather small, a plated centre will 
be more suitable than arms. It is not advisable to make the 
centre plate of solid stuff, which will almost certainly shrink 
in the course of time. It should be built up in at least two 
thicknesses of segments for each half. Or the plate might 
be built up to its entire thickness, and the ring only be parted 




Uirough the centre, the shouldered portion acting as a dowel 
to keep the two halves steady in the mould (Fig. ."^o). Or 
the plate might be made of one thickness of stuff with *' open 
joints " — that is, joints tV inch or i inch open, to allow of the 
partial swelling of the pattern in the sand without affecting 
its proper diameter. The rings are glued up in segments, each 
on separate face chucks, and jointed before their peripheries 
are turned. The edges of the two halves of the wheel must 
be turned by templet, marked from the sectional drawing 
(Fig. 31\ and ihe teeth must be fitted and glued on in rough 
blocks, tnen turned to outline by templet and worked to shape 
afterwards. They must be struck on the two outer faces and 
in the joint; the pitdi on the outer faces, of course, will not 
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be the actual pitch of the wheel, but the larger diameter Trill 
be divided equally between the number of teeth. Work them 
with gouge and chisel, using a templet, and trying lie worm 
round from time to time. The getting the correct shape on 
the outer faces is difficult, though quite practicable ; but the 
best way is to put the worm in the lathe, red lead it, and cut 
the worm-wheel teeth imtil the lead shows contact every- 
where. They must be glasspapered by hand, the use of a 
rubber not being practicable. 

Fig. 35 iUustrates the pattern of the worm wheel in ver- 
tical section. The alternative methods of jointing the plated 
portion are shown to right and left hand respectively. On 
the right-hand side the plate is shown in a single piece, and 
the top half of the rim is checked into it in annular fashion. 
On the left-hand side the plate is shown in two pieces, divided 
through the centre and dowelled. The teeth are seen jointed 
along the plane <f— a. The bosses are checked into the plate 
with studs, and the top one should be left loose. 

One of my reviewers took exception to this rule-of-thumb 
method. But I know from actual practice that there is no 
better method. A way by which correct forms can be drawn 
is, however, iUusirated in my "Toothed Gearing," p. 101. 
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MACHINE-MOULDED WHEELS. 

Tbe Ghange effected hj the Introdaction of Wheel Machmes.—Farta 
neceaaary for Machine use. — The Teeth. — ^How moulded.— H -shaped 
Aim Cores. — ^Fonn ol Coxe-box. — Bevel-wheels. — Striking Boards. 
—Top. — Bottom. — Arm Core-box.— Disc or Plate Wheels. 

Of late yean the use of wheel castings made by a moulding 
machine has become yery common. The writer often men- 
tally contrasts the revolution which the wheel machines have 
effected in this particular section of workshop practice, as he 
remembers what makeshifts were resorted to in order to 
economise the pattern-maker's time before the wheel machines 
were introduceo. Wheel patterns are expensive to make, and, 
once made, they were used over and over again, and that even 
for jobs for which they were not wholly suitable, and for 
which a new machine-made wheel would now be ordered. 
Wheels were "drawn," **stopped-off," lined, and thickened up 
in various ways. And where a new one was absolutely neces- 
saiy, the rim would be made in cores — about half-a-dozen 
teeth in a box, and the arms in a core-box also, or sometimes 
by a single arm, or a couple of arms ** bedded in." All these 
niakeshifts are now abolished, in the larger shops at least, by 
the introduction of the wheel machines, and the smaller shops 
find it cheaper to buy their wheels of the firms who make 
them a specialily rather than turn out inaccurate castings by 
the old roundabout processes. For the new wheels have the 
double advantage of accuracy as well as diieapness, since if 
the madiine parts are kept in good order, and no " slop " 
exists, each tooth will be an exact counterpart of its fellow. 
The use of these wheels has become so general that while 
engaged on the subject of gearing something ought to be said 
about the essential parts which the pattern-maker has to pre- 
pare for machine use. For plain spur-wheels they are — ^block 
(Fig. 36), core-box (Fig. 37), diameter-strip, and finger-bit. 
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The block is made of a oonyenient lengtih and widtli for the 



Plan ^ 
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carrier of the machine, of the desired shape, size, and pitch 
(Fig 36), and the moulding proceeds as follows : — 
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The tooth-block is screwed to the carrier attached to the 
arm of the machine. Its distance from the centre of the 
machine— equal to the radius of the wheel — is given by a 
strip of wood, the diameter-strip, which reaches from the 
central pillar to some part of the tooth — either root or point. 
The proper change wheels being put on, the ipaoe hetwem the 
two teeth is rammed up with sand, and the block is then 
lifted out of the mould by means of the hand-wheel actuating 
the vertical arm to whidi the carrier is attached. The sand 
is prevented from coming up with the block by a thin piece 
of wood— finger or hold-down bit — cut out to the same shape 
as the space between the teeth, and kept pressed on the in- 
cluded sand during the process of withdrawal of the block. 
When the block is dear of the sand, the requisite number of 
turns is given to the slewing-handle to carry it round a dis- 
tance equal to the pitch, when the process of ramming up and 
withdrawal is again repeated. In order that the tooth block 
when in the act of being lowered shall not scrape away the sand 
already rammed to shape, the outer flanks of the teeth are 
reduced below the correct size. ThiSf of course, is not detri- 
mental tothe form of the moulded teeth, the space alone between 
those on the block being used by the moulder. Eadi time the 
block is moved another tooth interval is ranmied up, until the 
ring is complete. If the block is properly made, and the sand 
rammed sufficiently hard, and sprigged, the mould will not 
tear up at all, notwithstanding that the teeth are without 
taper, but will be ready for blading at once. 

The arms of machine-moulded wheels are made with cores, 
for which a special box will be necessary. They are usually 
H-shaped in cross section. To make the core-box (Fig. 37), 
in which the parts are represented as drawn slightly apart for 
the sake of deamess of illustration, the pieces necessary are 
a sweep, a, representing the inner portion of the rim, and as 
long as the space induded between two contiguous arms — a 
fourth, sixth, or eighth part of a circle as the case may be ; 
two sweeps fitting within this, b, b, one top, the other bottom, 
which are the ribs or flanges strengthening the rim ; four half - 
width arms, o, o, fitting with the ribs and with each other ; 
two half cross ribs, n, and a boss piece, e. These pieces are 
all rammed up loosely, that is, the parts are merely abutted, 
not screwed together, and taken from the sand one by one. 
They are rammed in an outer frame — not shown — consisting 
of two pieces screwed at the requisite angles, and of the same 
depth as the wheel. If there are four arms, the core-box will 
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be made at the angle of 90°; if six, of CO® ; if eight, of 45® 
Sometimes an outer frame of iron is used as a permanent 
core-box for any sized wheel. Where that is the case the 
loose pieces only will be wanted. 

These cores, either green or dried, usually green, are placed 
in position in the space included by the ring of teeth ; a 
centre core for the wheel shaft is then fixed by measurement, 
completing the mould for a plain wheel. 

But there are comparatively few wheels in which the mould- 
iug is quite so simple as this. Many wheels comprise some 
special details in the way of bosses, shroudings, arms, and so 
forth : so that if I were to attempt to describe these tn 
extenso, I might occupy half of the present volume therewith. 
A few brief notes, thereon therefore, is all that I can attempt. 

In nearly all such caaes the use of striking boards and core 




Fig. 37<i. 



boxes is involved. Also when a board is used it is generally 
made to strike off the precise depth of the mould, equivalent 
to the width of face of the wheel. Also the board for the 
cope may be made to strike the cope face direct in loam, as 
in a loam mould ; or it may be made to strike a reverse green- 
sand bed upon which a greensand cope wdll be rammed. In 
some cases also the central arm cores will be set in the mould 
by measurement ; in others they will be set in a print impres- 
sion. 

Thus in a perfectly plain spur wheel no striking board at 
all is necessary ; but in many cases a striking board or boards 
are quite essential. Even, however, in the case of a plain spur 
a board is often used like that in Fig. Zla. The chief advan- 
age of using such a board is that it strikes off the joint face 
of the mould and gives the correct depth of the face of the 
wheel. Even if such a board is not used a level bed must bo 
struck in any case, with a plain strip fastened to the machine 
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bar. Also wben there is a boss a on the lower face, as there 
is in most cases, that can be struck by the board, so saying 
the trouble of bedding in a pattern boss. The reason why 
the front edge b of the board is cut sloping, is to prevent the 
sand from tumbling down, which would occur if the ed^e 
were cut vertically. The bottom of the sloping edge will 
coincide with the points of the wheel teeth. There will there- 
fore be a clear space above i*ight away to the top, between the 




Fig. 37J 

tooth points and the sloping wall of sand struck by the board, 
which will be fiUed up along with the tooth spaces in ram- 
ming. This, in my opinion, makes a better job than when 
the edge of the board is cut vertically, exactly coincident 
with the points of the teeth, as is frequently done. When 
there is a boss in the top, that also may be struck with a board, 
or a pattern boss may be measured in. Fig. S7b illustrates 
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Fig 97c. 



the wheel casting in half section, the edges of the striking 
boards being indicated by the fine shading. 

Thougli I cannot here give detailed descripLions and illus- 
trations of the various striking boards and core boxes that 
would be used in various types of wheels, the following views 
will enable a pattern-maker to gain a good idea of the ways 
in which these are made. 

Tig. 37^ represents a half-shrouded wheel. The shading 
shows the profiles of the edges of the bottom and the top 
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boards, the distinction between the two boards beinff indicated 
by the difference in the direction of the shading. In this and 
in the subsequent illustrations the edge of the top boiml may 
be cut to strike a cope direct, as in loam, or it may be cut to 
form a reverse mould upon which the cope will be rammed in 
place, the surface of the reverse mould being strewn with 
parting sand to permit of the clean separation of the cope 
from it. In the figure the cope is struck direct, with a check, 
as in loam work, seen at a. 

During the ramming of the teeth it is necessary to fill up 
the bottom shroud space with a swept piece, otherwise the 
overlying sand would fall down and M tnat up. The sweep 
is a short length of a few inches, and is withdrawn from time 
to time as the ramming of the ring of teeth proceeds. 

The next figure (Fig. S7d) represents a ^eel of the same 
type as the larger wheel shown in Fig. 8, page 16, with T- 



shaped arms. This class of wheel is not often made by 
machine, those with arms of H section being more easily 
made with cores. To make a wheel with T-shaped arms, 
the boards may be cut as indicated by the fine shading in 
Fig. S7d. The bottom bed there is made to slope coincidently 
witn the edges of the vertical arms. Made in this way, the 
cores do not abut, and the edges of the vertical arms will 
come out flat, not convex. If they are required convex, then 
the bed must be struck an inch or two below their edges, a, 
and the cores must be made to abut down the centres of the 
vertical arms. 

Fig. S7e illustrates a plated wheel like the pinion in 
Fig. 8, page 16. The fine shading shows the shapes of the 
top and bottom boards. The faces of the plated portions, the 
inner part of the rim, and those portions of the bosses which 
lie within the faces of the rim are formed with annular cores, 
made from a core box. 

Fig. 37/ shows a mortise-wheel. The boards might be 
cut as shown by the shaded lines, or they might be cut to 
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follow the lines of the edges ▲ of the vertical arms, or to the 
dotted lines b. In either case corresponding outlines must be 
p;iyen to the top and bottom faces of the cores. The flat arms 
m this wheel are in a central position, because they interfere 
less with the driving in and pinning of the cogs than arms of 
H section would do. Both flat and vertical arms may be 
included in a single segmental core box, the vertical joints of 
the cores ooinddinK with the centre lines of the arms. So 
that on each side of the box, half the width of a flat arm, and 
half the thickness of a verti(»l arm, will be screwed. 

With bevel-wheels the process is not exactly the same 
as with spurs. Here strikmg-boards are always necessaiy. 
They are two in number — one for striking out the bed for tiie 
anns and the points of the teeth, the other for the top por* 
tions of the wheel. The boards are screwed to the bar shown 
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in the figures, which fits over and turns round the central 
post. The striking edges are chamfered similarly to those of 
a loam board. 

The moulder proceeds as follows with the to^ board, which 
being for greensand, as is commonlv the case, is often cut the 
reverse way to one intended for a loam mould, as shown in 
sketch (Fig. 38).* He strikes over a bed of hard rammed 
sand representing the top of the boss, the edges of the vertical 
arms a, and of the rim, and the outer or larger faces of the 
teeth, finishing off in a horizontal direction b, at their points 
to form the joint of the mould. A moulding-box or flask 
large enough to cover the bed thus struck, is set in posi* 
tion and rammed up on it — a layer of parting sand alone 
intervening. This is the top of the wheel mould, which is 
now removed. The sand in the temporary bed is now dug 

♦ See also Chapter XXXII., p. 273, for the ditfrt^ence between bdarde 
for IcMUn tind gfk^eenttCnd. 
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away for the purpose of striking the loww part of the 
mould. The bottom board (Fig. 39) is set in position by means 
of the horizontal ioint of sand already msuie o, and strikes 
the flat faces of the arms a, the inner edge of the rim, the 
smaller faces of the teeth, and their points b, with boss d. The 
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Fig. 38. 

tooth block is then screwed on the carrier of the machine, 
and the moulding proceeds as in a spur-wheel, with the excep- 
tion thut no flDger bit is required. The arm-cores are also 
made and set in the mould in a similar way. For bevel- 
wheels, however, the arms are of the same shape as those in 
an ordinary pattern, so that the remarks we have made about 




H arms will not apply here. The outer sweep of the core-box 
represents the inner side of the rim, and the way to make it 
can be seen by a glance at the sketch (Fig. 40), where the 
rectangular figure represents the rough block from which - 
the bevelled inner portion of the rim, shown shaded, is cut. 
The tops of the cores, being curved, must b© worked off by. 
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means of a strickle, sinular in shape to the top board, Fig. 38. 
So that we require sweep (Fig. 41), two half arms, two half 
ribs, A A — ^that is, each rib is of haK the casting thickness — 
boss, loose for withdrawal as before, strickle, and guide b for 
the strickle. 
The tooth blocks of bevel- wheels, consisting only of a short 




Fig.iO. 

s^ment and therefore lying without the range of lathe work, 
hi^e to be cut to shape by a method of intersecting planes. 

Looking at the section of a bevel- wheel rim in Fig. 42, the 
working faces of the tooth block must correspond with the 
faces a, b, c, in the figure. The interior of the rim, and the 





Fig. 41. 



Fig 42. 



top faces nf the arms, being formed with cores, have no 
corresponding parts in the tooth block. By comparing the 
tooth block (Fig. 43), with the section of the rim (Fig. 42) it 
will be seen that there are certain vertical and horizontal lines 
similarly lettered. If these lines in the first figure are repro- 
duced accurately on the second figure, and the block worked 
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thereby, then it is evident that the latter figure will have 
identically the same sectional form as the first figure. The 
way to make the block is to prepare that portion wnich forms 
the backing for the teeth first, and fit the teeth on after- 
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Fig. 43. 



wards. The backing itself is shown outlined in Fig. iSa. It 
is first squared to the cubical dimensions a^ h, c, to suit the 
size of the wheel and the carrier of the machine. The dimen- 
sions h and c are, however, arbitrary within the limits of an 
inch or so. The centre line x is 
struck upon the block, and the ex- 
treme sweep c — compare with o, Fig. 
42 — ^is struck on opposite faces of the 
block, and worked through. The 
sweeps J and cf also are struck, corre- 
sponding with J and c' in Fig. 42. 
"When Uie sweep c has been worked 
through, the line h is gauged roimd 
the swept face, corresponding with the 
line H in Fig. 42, at a definite dis- 
tance, K, above the face a, which face 
corresponds with the face a in Fig. 42. 
Then the two bevelled faces, h and *', 
corresponding with h and c in Fig. 42, 
are worked across from c to h, and 
from H to J. 

In reference to the intorsoction of 
the lino j with the top face, e, of the 
block at the distance b from the bottom face a, that, of course, 
has no existence in the casting. The point of intersection is 
one obtained on the drawing (see previous figure) only as a 
conve>nient method of getting the correct bevel of the fade t. 




Fig. 43a. 
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The backing block is now ready for the teeth, which are fitted 
iroimd it as a rough block and marked in place. The latter 
block should be held temporarily with screws, while the lengths 
for the ends of the teeth are scribed from the faces of the back- 
ing block. The tooth block had better be removed by the with- 
drawal of the screws, for the working of the ends of the teeth 
to correct curves and bevels. It will then be replaced, the pitch- 
lines and point-lines struck witiK trammels, the tooth shapes 
marked out, and the teeth worked either away from the main 
block with planes, or on the block with gouge and chisel. 

In reference to the methods of fitting the teeth on their 
backings, there are two or three matters to be borne in mind. 
The grain must be arranged for strength, which is secured by 
making itrun longitudin^y. There is then no rough end grain 
to tear up the sand, but only smooth surfaces — plank way. Also 
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as hollows or radii are usually worked in the roots of the 
teeth, the longitudinal direction of the grain is favourable to 
working these. Often also, instead of merely fitting the teeth 
around the backing, I have let them in with a dovetail (see 
Fig. 36, p. 40), by which arrangement the thin edges of the 
hollows are prevented from curling up, as they would do if 
the glue became moistened in the damp sand. In some cases 
I have seen the teeth and their backing worked in a single 
piece, the grain running perpendicularly, or with the teeth 
throughout. 

As I did just now in spurs, so now I will briefiy indicate the 
methods of making bevel wheels of various types by machine. 
Fig. 43b is an ordinary bevel made, as in loam, with a checked 
joint. 

Fig. 43e is a bevel half shrouded. The bottom part of the 
mould terminates at the plane a, continuous with the teeth 
points on the major diameter. The top part terminates on the 

E 
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plane b, coincident with the outermost edge of the half shroud. 
The space between a and b is filled up with segmental cores 
of thickness c, having the cross-section indicated by the 
shading. Note that the front edge of the board is cut to the 
same bevel as the points of the teeth, and not, as in the case of 
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a spur-wheel, to slope off at a little distance away therefrom. 
Of course, in a bevel the necessity for this sloping off does 
not exist. The mould in this case is not checked, but the 
cope is rammed on a reverse bed. The arms of the wheel are 
formed with segmental cores, their bottom faces resting on 




Tig.iSd. 

the face d, and their top sloping faces, Ef meeting the cope 
similarly sloped. 

Fig. 43d shows a bevel- wheel full shrouded to the points of 
the teeth. Here the bottom board strikes off to the plane a, and 
the top board to the plane b, and the thicbiess c is filled 
round with segmental cores. The arms are formed with cores, 
as in the last example. 

Fig. 43^ shows a plated wheel with checked mould, and the 

Digitized by VjOOQIC 



MAOHINS-MOULDED WHEELS. 



51 



shading indicates the profiles of tlie bottom and of the top 
boards. The latter takes out the interior of the wheel and the 
whole of the boss. 

Fig. 43/ indicates the striking of a bevel mortico, the arms 
being formed in cores. The dotted lines at a indicate the 
prints for the mortice cores. The mould is checked also. 




Fig. i8«. 



Worm- wheels are frequently moulded by machine. Fig. 43^ 
shows the best form of tooth block. Note that the teeth c, 
with their block b, are divided from the backing a, and held 
temporarily during ranmiing with a dovetail a. The advantage 
of Uiis arrangement is, as in the case of helicals (see p. 62), 
that the bacHng can be lifted vertically with the carrier of 
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the machine, and the teeth afterwards withdrawn horizon- 
tally with the fingers. Without the division the entire block 
would have to be withdrawn horizontally, an awkward opera- 
tion in the case of most machines. Of course, there is no 
necessity to divide the teeth through the horizontal central 
plane, as in the case of a pattern-wheel (see Fig. 35, p. 37), 
the manner of withdrawal being different. _ ^ 
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Toothed blocks are also made for twist-wheels. These, like 
worm-wheel blocks, have two teeth, made 
distinct from the backing and attached to 
it with sliding dcvetails. But there is 
another joint in addition, one between 
the two teeth, as in the case of small 
helical pinions (see p. 63). This is neces- 
sitated by the undercutting of the outer 
flanks in relation to each other, due to 
their long twist embracing so much of 
the circumference of the wheel, and which, if the two teeth 
were drawn at once, would pull down the sand. Being drawn 
separately they do not pull down. 




ng. 43ff. 
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CHAPTER Vn. 
MORTISE. WHEELS, &c, 

Hortiae-wlieelfl. — ^Why used. — ^Metal in Eim.— Thi jkness of Cog8.^Taper 
in Hortices. — ^Pnnta and Cores. — "Wood used in Gearing. — Sawing 
Cogs.— Driving. — Fastening. — Splitting of Wheels. — S&ouding. — 
Breaking Strong^. — Basis of Calculations. — Katios of Wheels. 

MoBTisE-wlieels are those whicli are geared with wooden cogs, 
instead of with iron teeth. In a large mill or factory where 
many pairs of wheels are constantly at work, and run- 
ning at high speeds, the noise and the shock would be unen- 
durable if iron-toothed wheels alone were used. To prevent 
this nuisance, wheels with wooden co^s are made to gear 
with iron fellows. They answer admirably, but are Tery 
expensive, involving not only the cost of the wooden teeth, 
in addition to the casting, but the chipping and filing to a 
smooth surface of the flanks of the iron teeth (scarcely neces- 
sary, though, in the case of machine-moulded wheels), with- 
out which precaution the wooden teeth would become rapidly 
abraded. 

In making the mortise- wheel pattern, proceed generally as 
for an iron wheeL But bear in mind that the thickness of 
the rim here should be equal, not to the thickness of the 
teeth, but to their pitch — a deep mortise being essential to 
the steadiness of the tooth-shank. Also that a thickness of 
metal must be left beyond the ends of the shank, equal to 
about four-tenths of the pitch. The cogs, moreover, are a 
third thicker than those of the iron wheel into whidi they 
work, and no clearance is allowed between the two. Core-prints 
must be used for the mortises, whether the wheel be made by 
pattern or by machine, and a core-box containing the requi- 
site amoimt of taper must be made. The taper given to these 
mortise cores should not be more than i inch on a side for 
each 1 J inch of depth, for if it becopies excessive tlie te^tb 
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will have a tendency to spring when being driven into their 
places, and so, possibly, oy setting up too much vibration in 
the wheel the rim will become broken. And further, largely 
tapered teeth will work loose earlier than those tapered to 
only a moderate extent. In a spur-wheel the prints will 
come to the top edge of the rim (Fig. 44), and the portions of 
the prints which reach above the mortises will be '* stopped " 
up after the cores are placed in. The best way is to make 
the core-box to '* stop itself off "* — that is, to take out the mor- 
tise and fill up the entire print besides. Pig. 45 represents a 






Tig. 46. 

core thus made. In a mortised bevel it is not necessary that 
the prints should come to the top edge ; but their upper ends 
must be chamfered off, so that they may not drag the mould 
(F^. 46). The core-box will be made to correspond. 

Having the wheel castings, next comes the fitting in of the 
teeth, or the *' gearing it," as it is termed. This was for- 
merly a speciality of the millwright, but now the pattern- 
maker looks upon it as his legitimate work. We suppose, 
then, that the rim, both on face and edges, has been turned, 
as in good work it shoidd be, and delivered into the pattern- 
maker's hands to be geared. First, regarding the selection 
oi the wood for that purpose. Hornbeam, apple-tree, oak, 
acacia, beech, are commonly used. On the whole, I think 
apple-tree and hornbeam are the best, but beech and oak are 
also very good. One essential is that the wood be the driest 
procurable. Unless the mortise -wheel is to go into a damp 
situation, as in the pit of a mill-wheel, its teeth are certain to 
shrink in time, and the rattling of a nimiber of wooden cogs 
in their sockets is quite as intolerable as the rattle of iron and 
iron wheels would be. 

Saw the blocks out so that the points of the teeth shall cut 

^ 3ee Chapter X., on Gore Prints, p. 71* 
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BcroflB the end grain, that is, the grain fibres will radiate from 
the centre of the wheel ; let them be cut of such a length that 
their shanks shall project about an inch from the inside of 
the rim, and leave also sufficient allowance on their faces and 
points for turning. Shank them with a hand saw, using a 
templet to insure uniformity throughout, and leave a little, 
say tS-, on each side for accui'ate fitting with a rebate plane. 
If a circular saw is available, the labour of handsawing may 
be avoided by making a block or carrier to slide along the 
saw bench, holding the tooth in it in such a position that the 
shoulder of the shank shall coincide with the top of (he teeth 
of the saw. Or in shops where a general joiner is kept the 
tenoning apparatus may be utilised. 

Fit the teeth in carefully, driving them tightly with a fit- 
ter's hammer or a light sledge, imtil their shoulders are 
within i inch of the rim. With a pair of compasses scribe the 
shoulders of the shank or tenon parallel with the rim, then 
knock out and cut with a chisel to those scribed lines. Get 
some oil paint, thickly smear it over the tenon, and drive the 
tooth block finally home. There is some knack required in 
driving these co^, for though they will bear, and indeed ought 
to have, hard driving, yet it is possible just to exceed the limit, 
and to burst the rim of the wheel. The ends just past the 
tenon are also apt to fly off with the final blows. To prevent 
this they must not be undercut, and the strokes should be 
given just over the shank, not leyond it, and should be dead 
and firm, not elastic in character. 

The teeth, although fitted carefully and driven home firmly, 
would yet work loose in time if no further support were 
afforded them. One mode of securing is nrrx /Tjn 
to drill holes through the metal at the UfM ftjf.'H 
ends of the mortise, and to drive wood |---T^^*f — \ » — y 
screws or pins through these into the I \ \ \ > \ 
tenon (Fig. 47). This is strong and neat, hi; ; ^ ; I 
but it requires a lar^ amount of drill- L Viii lii ij' J 
ing. Another way is to cut out dove- ^ tjil kul 
taOed grooves in that portion of the ^^ **^ ^' *^' 

tenons projecting inside the rim, and to drive in wooden 
wedges between the contiguous teeth (Fig. 48). This also 
has the merit of security, but necessitates labour which is 
superfluous. 

A ihiri method is to prepare a number of wedges of sheet 
iron or steel not more than i inch thick, and about i?f inch 
widei* than the space between the shanks. Their edges must 
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be ground sharp and bevelled, and they are then driven tightly 
between the shanks (Fig. 49). But the same end may be 
accomplished by a fourth method simpler than the other three. 
Bore holes at the ends of the tenons within the rim, but dose 





Flg.48. gf\MF////ffj; [j{ ^ikl li'.Uif Fig.49. 

against it. Drive pins, which may be either lengths of 

Euinted wire, about | inch in diameter, or dout nails with the 
eads cut off, into these holes, allowing about i inch of 
pin to stand out from the wood (Fig. 50). This is as firm 




and lasting as any other fixing, and has the merit besides 
of being expeditious. 

Having secured the cog^, the wheel must now be put in the 
lathe again, and their faces and points be turned. The pitch- 
lines and the striking lines for the radii of the tooth flanks 
are to be run round, and the teeth divided and marked out, 
and cut through with gouge, chisel, and straightedge. They 
are not glasspapered, but simply wiped over with oil. The 
wheel is then fit to be put in its place. 

A few remarks of a general character, having reference to 
the subject of gearing, may fitly close this chapter. 

Splitting of Wheels. — This means the casting of a wheel 
in halves, necessary when, from its intended position in 
the middle of a shaft, or between other wheels, it could not 
be driven on endways in the usual method. Being made in 
two, provision must be given for securing the parts together 
when in place. This is done by casting lugs or ears on oppo* 
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rito sides of the boss, and in corresponding positions within 
the rim. Holes are oast through these to receive the bolts 
(Fig. 51). Sometimes — and tms is the neatest way — the 




Fig. 51. 



Fig. 62. 



wheal is split through the centre of an arm. In small castings 
this has a less unsightly appearance than the lugs. Each 
half arm, however, must be made of the same width and 
thickness as an entire arm, else the splitting would become a 
source of weakness (Fig. 52). 

The details of the process of splitting are the same, both in 
pattern and machine wheels. Make the lugs and fasten them 
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Fig. 58. 

on each side of a core print, sufficiently deep and wide to 
support the core in a vertical direction, and of the proper 
thidcness — ^from ^ inch in small wheels to i inch in large ones 
(F^. 68). Secure these lugs in position. Then make a templet 
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of the splitting plate for the moulder, following both the out- 
line of the print and also that of the portion of the wheel it is 
intended to split. Cut in it holes of the intended size for the 
bolts, and in the proper centres. From this templet wrought 
or cast iron plates will be made. They will then be covered 
over on each side with a thickness of loam or of tar, and will 
be dried. Round cores of the same length as the thickness 
of the double lugs will be thrust through the holes, project- 
ing equally from each side to form the bolt-holes in the cast- 
ing. These plates thus prepared (Fig. 54) will be dropped 
into the prints dividing the lugs, and will part the casting in 
two. 

Shrondlng. — This term, as applied to wheel gearing, 
signifies the supporting of the teeth at their faces with 
a fiemge or annular ring, and may be either half or whole 
shrouding, according as it extends to the pitch-line (Fig. 55), 
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Fig. 66. 



Fig. 66. 



or to the jioints of the teeth (Fig. 56). It is of especial value 
in small pinious having weak roots, and is commonly believed 
to increase their strength by 40 to 50 per cent. 

When the shroud comes in the bottom of the mould, it is 
essential that it be left loose from the body of the pattern, being 
simply dowelled on to prevent it from becoming rammed away 
from its proper position. In the top of a mould it is also 
desirable that it should be left loose, though not so absolutely 
necessary. In the case of a machine-made wheel, shrouds 
will be struck by the boards, and the broken edges of the 
mould will be mended up afterwards, with a sweep similar in 
section to the shroud. See Chap. XXXII. p. 273. 

Breaking Strength of Teeth. — A wheel-tooth must be 
regarded as a loaded beam or cantilever, its length 
being the distance from root to point, its depth the thickness 
of the root at its base, its breadth the breadth of the wheel. 
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To aficertain the strength of a cantilever the rule is : " Square 
the depth, multiply hy the breadth and strength of material, 
and divide by the length." A cantilever of good cast iron, 
1 inch sqtiare and 1 inch long, will sustain a dead load of 
6,000 lbs. before it breaks. Applying this to the tooth of a 
wheel of li inch pitch, 3^ inches on face (Fig. 57), we find 
that it will sustain a dead load of — 



U" X 3^ X 6000 
H 



= 22212 lbs. 




O" 
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before breaking. Dividing this by a factor of safety, say 10, 
(it should be large for gearing), we get 20 cwts. nearly, as a 
perfectly safe load for such a tooth.* 

But it is usually assumed that two teeth are always in gear 
at once, which assxmiption would, if correct, double the effective 
value of our calculation. And it 
is quite true of a pair of large 
wheels not very disproportionate 
in relative diameter, and properly 
marked out. Two teeth are 
always in sear at the same time, 
and sometmies three ; but in a 
large wheel and small pinion 
working together such is not the 
case. It is only possible to obtain 
such a result in the latter instance by using a rolling circle so 
larffe that the roots of the pinion would be greatly undercut 
andi weakened thereby. Let it be understood that my assertion 
is not that two teeth are never in gear at once, for they are, 
but that at regular intervals, just when one tooth is entering 
into and the next one leaving contact, there 
is a moment when the strain is all con- 
centrated on the flanks of one. For this 
reason it is prudent to reckon only on the 
contact of single teeth. 

It is sometimes considered safer not to 
estimate the strength of a tooth on the 
supposition that the strain is distributed 
along the entire flank, but to imagine that ^- ^ 

it is concentrated on one comer only (Fig. 58). This will not 
affect the method of our calculation, since the triangular piece 
is a cantilever still, but only the dimensions upon which our 

* In a bovel-wheel we mu9t base oqr calculations on th« mean dimen- 
sioDs of the tooth. 
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estimate is to be formed. Vw badly made Trlieels this is 
undoubtedly the safer plan; but if the wheels are struck 
out and made properly, and the strain is calculated for one 
tooth only of each wheel in gear at once, there is no need to 
base our estimate of their strength on this assumption. 

Batio of Wheels. — ^Wheels are leyers, in which the me- 
chanical advantage is in inyerse ratio to the radii of their arms. 
Also, circumferences and their radii being always proportional, 
it matters not whether in calculating the power or the velocity 
ratios of wheels we take their radii, circumferences, or number 
of teeth. Further, in calculating the power gained by a train 
of wheels, the geometrical and not the arithmetical product of 
the whole must be taken. Hence the rule for calculating 
the power of gearine is : Divide the product of all the wheels 
(either their radii, diameters, circun^erences, or number of 
teeth) by tiie product of all the pinions ; the quotient (friction 
disregarded) is thegain in power. Thus, in a train of gear- 
ing, let W, W, W" represent wheels of 60, 90, 140 teeth 
respectively, and P, F, F' pinions of 10, 12, 16 teeth, then, 
the pinions driving, the mechanical gain is — 

W X W X W^ _ 60 X 90 X 14 _ „o«.^ 
P X F X F' ■" 10 X 12 X 16 "" 

Lastly, having two proportional factors of a wheel given— 
to find the third 

Let TT = ratio of circumference to diameter = 3*14159 
n = number of teeth 
<^ = p. diameter in inches 
jp = pitch of teeth. 

Then (1) The diameter and pitch being given, to find the 

number of teeth — 

^^w X d 
n — 

P 

(2) The number of teeth and diameter being given, to find 
the pitch — 

^^vX d 

(3) The number of teeth and pitch being given, to find the 
diameter— 
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HELICAL WHEELS. 

Helical wheels — Their Purpoee — Conditions of Accura^— Block fo? 
Helical Spnr — Methods of Division— How Made— Obtaining the 
Screw Porms — Block for Helical Bevel— Methods of Division— How 
Made — ^Tooth Carves— How Obtained and Worked. 

SiKCE the first edition of this work appecured the employment 
of helical gears has developed to a large extent, so that I am 
nov devoting a chapter to the subject. These wheels axe 
mosdy made by machine instead of from whole patterns. It 
is better to make them thus, even though it were not cheaper 
to do so, because greater accuracy is assured in machine- 
moulded than in pattern-moulded wheels, and inaccurate 
helical gears are more unsatisfactory than inaccurate spur 
gears. 

The object in using helical wheels is to avoid the friction 
due to the sliding and rubbinff of the surfaces of the teeth in 
contact, which unavoidably takes place in all cycloidal gears. 
In helical wheels formed on correct principles no sliding at 
all will occur, but rolling of surfaces only. It is because 
these wheels are often badly formed that they do not always 
yield the resiilts expected of and claimed for them. To be 
accurate, each tooth must form a portion of a true screw of 
extremely long longitudinal or axial pitch. Yet this dimen- 
sion is not considered at all in practice, the angle of the teeth 
being settled only with reeard to the conditions of contact, 
that one pair of teeth shaU not quit contact until the next 
pair are beginning contact. This will obviously be regulated 
by the diameters and the breadths of particular wheels. As 
regards pitch the circumferential pitcn alone is considered ; 
that is me pitch measured in the phme of rotation of the 
wheels, just as in ordinary gearing. Then again, in practice, 
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wheels are almost invariably made of double helical type, 
each half-tooth forming a short section of a screw of long 
axial pitch, but of opposite hands. In this way the stresses 
upon the teeth are balanced on each side of the median lino 
of the wheels, and, tliere is no resultant end-long pressure on 
the shafts. 

Since the teeth of a helical wheel are sections of screws, it 
follows that in any such wheel the teeth must possess some 
amount of helical twist. In wheels of large diameter and 
little width this twist will be scarcely, or not at all, percep- 
tible to the eye. In pinions of small diameter and considerable 
width it will be very obvious. The reason is that, in the first 
case, the length of the tooth bears an extremely small pro- 
portion to the total length of the entire screw of which it is a 
section ; in the second case, the tooth length bears a much 
larger proportion to the total length of its screw. Such being 
the ease, it is permissible in the extreme case of large wheels 
with narrow faces to make straight teeth, and fasten them on 
the rim diagonally, because the almost imperceptible twist 
duo to the screw form is not so great as the inaccuracy 
inseparable from a moulded casting. But in no other case is 
it permissible to use straight teeth if the advantage due to 
the helical form of tooth is to be secured, but the teeth must 
be formed as portions of true screws. 

To impai^t this outline it is necessary to mark out and work 
the teeth in their proper positions on the tooth block. Also 
it is desirable in all cases, and necessary in others, to make 
certain joints in the tooth blocks for helical wheels which do 
not occur in the blocks for spur gearing. I will, therefore, 
now describe the method of construc- 
tion of a helical spur, and also of a 
helical bevel, noting these points. 

Fig. 58« illustrates a typical helical 
spur tooth block. It consists of three 
portions, the backing. A, to which the 
carrier of the wheel moulding machine 
is screwed ; the body portion, b, c, the 
face of which is worked to the same 
curvature as the rim of the wheel ; and 
the teeth, d, two in number, as in 
ordinary tooth blocks. The backing, a, is made separately 
from the other portions for this reason : — 

Except where a special attachment is rigged up for the 
purpose, wheel machmes lift the tooth blocks vertically. It 
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IB obvious that a helical block cannot be lifted yerticallj 
because of the sloping of the teeth from the perpendicular. 
Hence the backing, a, is attached to the block by dove- 
tailing, a, and is the only portion lifted vertically along with 
the carrier, leaving the teeth beliind in the sand. These are 
then withdrawn backwards in the horizontal direction with 
the fingers of the moulder. The dovetail form of union is 
used because it is at the same time the most secure form of 
temporary attachment, and the most easily released. 

Frequently, also, though not invariably, the teeth are 
divided along the middle plane, ^, which corresponds with 
the apex of the teeth. This is done to facilitate the ramming 
of the teeth, the moulder being better able to use the pegging 
rammer in the lower halves of the teeth when the top halves 
are removed, than if the top halves were in place and interfer- 
ing with the action of the rammer. This division is, how- 
ever, of less importance in the case of large, shallow wheels 
with teeth of coarse pitch and flat angle than in the case of 
smaller, deep wheels with teeth of fine pitch. 

Further, tne blocks for small pinions have to be divided 
yet again between the teeth, the line of jointure following the 
angles of the teeth. This is necessary because of the under- 
cutting which is present on the outer flanks of the teeth of 
such pinions, and which would render it impossible to witli- 
draw the pair of teeth together without breaking down the 
mould. Forming a joint between the teeth, they can each be 
withdrawn separately without any injury to the mould. 

I cannot in this chapter devote much space to the descrip- 
tion of the various alternative methods adopted in the con- 
struction of the blocks themselves. Methods vary slightly in 
different shops, but the essential principles are illustrated in 
the figure, and that method is as good as any other. And 
even when not required for convenience of moidding, it is 
always desirable to joint the teeth and their backings along 
the median plane, h, in order to have faces there whereon to 
mark the tooth shapes, as we shall note presently. 

Such a block as ttds is first prepared in the rough by dove- 
tailing the front and back portions together, planinfl^ them 
while together to the correct parallel thickness — equal to the 
breadth of face of the wheel, and squarins^ the back face 
therewith. The centre line is then carried round with a 
square, and the sweep of the front face, corresponding with 
the rim of the wheel, struck and worked round. Upon this 
face a blook 10 fitted for the teeth, the grain running in a 
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different direction from that of the backing, as indicated by 
the timber shading. This block is screwed on, the ends 
di'essed off, and the centre line of the pitch struck over them. 
The shapes of the teeth are then marked upon the outer 
faces, and also upon the joint face obtained by dividing the 
blocks along the median line h, as just now noted. The forms 
of the teeth are similar to those used in ordinary gearing. 

Now the question of screw-twist comes in, and how best to 
work it. Having the tooth shapes struck on three faces, it is 
usually good enough to work the positions intermediate with 
a templet fitting into, and of the same shape as, the tooth 
spaces. Before using the templet, the face corresponding 
with the tooth points is worked round, and the lines where 
the tooth faces meet the points are struck with a narrow thin 
strip of wood, or strip of steel, curved round the outer faoe, 
that is, of the tooth points, from the outer to the middle 
planes of the wheel. These lines become the guides to the 
templet, the shoulders of which also rest upon the outer face 
at the completion of the work. This is accurate enough for 
almost any job. The only thing is that, in a small pinion, 
the teeth of which will have very much twist, some inaccuracy 
is bound to result unless the templet is held and tried quite 
correctly during working. Hence there is an advantage in 
such cases in unscrewing the teeth, and marking the twist 
from outer to middle faces upon the backs or roots of the 
teeth, as well as upon the points. The root lines can then be 
set in a little way with the chisel, and the teeth re-screwed 
in place, when the lines thus set in will become a guide 
to the correct testing by the templet at the bottom of the 
teeth. 

The working of the tooth block for a helical bevel is more 
troublesome, and, as with the spur blocks, methods are 
modified in different shops, and under different conditions of 
bevel, breadth, and pitch. Many flat bevels are quite un- 
jointed, lifting vertically. Many are imjointed because some 
machines are provided with an appliance for lifting them 
away from the mould at any required angle ; some are drawn 
back horizontally. But 1 will illustrate a typical class of 
block (Fig. 6Sh)f and the best and most conveniently made in 
my opinion, which can be witlidrawn in any machine without 
any special applianoe, by the same method as the spur block ; 
that is, by withdrawing the backing vertically along with the 
carrier, and the teeth horizontally with the fingers. Made 
thus, too^ it is more readily struck out than as if made solid, 
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spur 



for the same reasons given 
toothed block (Fig. 58a). 

The bevel tooth block (Fig. 586) consists of backing, a, body, 
B, 0, in two portions jointed from the centre of the teeth at the 
root, and the teeth, d, also in two portions, a, b, and c are 
dovetailed to one another as in the case of the spur-wheel. 
These parts have to be prepared very caref tdly to dimensions, 
based on the intersections of certain vertical and horizontal 
dimensions taken from the full-sized sectional drawing of the 
wheel, precisely as in the case of a common bevel wheel ; com- 




Ti^. 58& 



Vig. 68c, 



pare Figs. 42, 43, 43^, pp. 47 and 48. In the sectional view 
of the wheel rim and teeth (Fig. 5Sc) the horizontal and the 
vertical lines, variously lettered there, correspond with the 
pitch-lines, points, and roots of the teeth upon the major, 
minor, and middle diameters. These dimensions are trans- 
ferred to the helical tooth block alread}' prepared with dove- 
tails, and squared up, and having centre Hne marked on. 
Horizontal lines will be marked with long toothed gauge 
from one of the faces of the block, and the vertical or 
sweeped lines will be struck with trammels. The illustra- 
tions will render this clear, I think, without going into the 
tedious and minute details of the striking of each individual 
line. 8o far there is no difference except in the jointings, in 
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the preparation of the backing for a common bevel and the 
backing for a helical bevel. 

But the longitudinal twist of the teeth, due to the screw 
formation of the wheel, demands some notice. They are not 
quite so simple of construction as the teeth of helical spurs. 
The development of a helix on a cone, which is the basis of 
the tooth forms on helical bevels, results in forms different 
from those in the development of a helix on a cylinder, which 
is the basis of helical spurs. Thus the tooth of a helical bevel 
will have the double form seen in Fig. 583, obtained by 
dividing the pitch and the width into an equal number of 
parts, and drawing tlie curves through the intersecting points. 
Only by this method can constant contact 
between pairs of teeth be assured. From 
,„, this also it will be seen how abominably 

»il;\ bad must so-called helical bevels work 

y\\\ when straight teeth are put on diagonally. 

.' ' 1 1\ Let Fig. fiSd represent a small segment 

of the rim of a helical bevel wheel ; let 
A be the outer, b the inner diameters, and 
the middle plane, corresponding with 
the apices of the teeth, and d the extreme 
positions of the centre line of a tooth. 
Now, if the teeth were simply straight 
teeth set at a bevel, in the manner indi- 
cated by the dotted lines, a — h, h — Cy which 
is a frequent practice, it would be im« 
Fig.^rf. possible for them to gear properly, as the 

following construction will show. 
Divide d into any number of equal parts, d, tf, /, and 
A — c, — B likewise into the same number of equal parts, 
g, hj if i\ h'f /. A moment's consideration will show that the 
points of contact of the helical teeth in mutual gear must 
pass successively through the points of intersection of 
these divisions. Then, and then only, will the teeth be in 
mutual contact at equal distances on each side of the middle 
plane o. If their contact took place along the straight lines 
a — J, h — Cy neitlier half of the teeth would be in contact at 
the same time equidistantly from c, and the gear would, there- 
fore, not only be bad, but the resulting pressure would be of 
an end-long character. Only at the points a and c could the 
pressures be exercised equidistEmtly from o at the same time. 
This figure, therefore, sliows how, in practice, the curves of 
helical bevels should be obtained, and also llie reason why 
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the curves should be in opposite directions on opposite sides 
of the middle plane, o. 

The helical curves oueht to be marked out by means of 
intersecting lines on the mrawing-board for point, pitch-linb, 
and root, since they vary on each plane. In the case of large 
wheels the variation would be abnost inappreciable, but in 
small pinions the curves would vary very much on the three 
planes. 

The shapes of the teeth will be marked out upon the 
major, minor, and middle diameters. Then the portions inter- 
mediate will be worked carefully with gouge and chisel, the 
eye chiefly judging of their accuracy. Templets may be 
made for intermediate sections, as one, for instance, midway 
between each face and the middle plane, or two, if the width 
of face is considerable. But the accurate forms of the por- 
tions intermediate between these will still have to be esti- 
mated by the eye, because the shapes alter in every section. 
In the case of some smaU pinions of wide face it is better to 
adopt the plan mentioned in connection with helical spurs, 
that is, to unscrew the teeth and mark their curves upon the 
back or root plane, then set these curves in with the chisel, 
and screw the teeth back upon the block. In this way we 
can obtain correct curves upon root as well as point, which 
will be of material assistance in subsequent working. Yet 
another divifdon may be made, one around the pitch plane, 
and the ctirves on the pitch plane may be marked on that. 
These divisions do not involve so much extra work as they 
may seem to do, for most of the extra time spent in jointing 
is saved in the increased facility in working out, because the 
wood can be cut away at once with confidence to these lines 
scribed on the different faces and ends, which is better than 
tentative and doubtful working by the eye chiefly. After 
the several sections are worked, the joints on the several 
planes can be Anally glued and screwed. 

For more detailed information respecting the primary 
design and the construction of these wheels, I beg to refer 
my readers to my works on ** Toothed Gearing," and on 
** Helical Gears.*' 
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CHAPTER IX. 

ANGLE, OR TWIST WHEELS. 

Pitch— Obtainiiig same— Conditions of Mutoal Gear— The Wheel Blank 
— Marking-out— Working. 

These wheels, being usually of small size, and maoliine cut, do 
not come within the range of the pattern-maker's work so often 
as the other types of gears already described. Still, as the 
pattern-maker is sometimes required to make patterns for 
them, I think it desirable to devote a short chapter to a de- 
scription of the methods to be adopted in their correct 
construction. 

I cannot in this connection go into the fundamental 
relationships of these wheels. The subject is treated very 
fully in my work on "Toothed Gearing." like helical 
wheels they are true screw gears, each tooth being a short 
section of a helix of very long axial pitch. The angle at 
which the axes of the wheels cross is equal to the sum of the 
angles of the spirals. So that by altering these angles, screw 
wheels can be made to transmit power between shafts situated 
at right or at other angles. Also velocity ratios can be 
varied by varying the number of teeth in pairs of wheels. 
The normal pitch, that is the distance between tooth centres, 
measured at right angles to a pair of teeth — in other words, 
the shortest dimension between the teeth, must be equal in 
any pair of wheels which have to gear together. But it is 
necessary to mark out the working pitch on the circum- 
ferential pitch, that is the pitch measured in the plane of 
rotation of the wheel. Having laid down these essential 
facts, I will now show how a pattern for a screw-wheel is best 
made. 

Though the normal pitch of a screw-wheel is given as the 
basis upon which the relationships of wheels in mutual gear 
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most be based, yet it is necessary to deduce from this the 
dTcomferential pitch before the wheel can be struck out. 
This can be done by a trigonometrical calculation, but in a 
workshop it is always safer to make a diagram Jike Fig. 58^. 
On the norizontal line A — b, erect a perpendicular, c — d. 
Draw the hypotenuse d — c, making the angle which has 
to be imparted to the teeth on the pitch-line. Then let fall a 
perpendicular, a — i, on the hypotenuse, whose length, a—h, 
is equal to the normal pitch. Then the length, a — c, will be 
equal to the circumferential pitch, which wiJl be divided out 
on the faces of the wheel. The circumferential pitch multi- 
plied by the number of teeth will give the circumference of 
the working pitch circle. 

This construction will apply to all wheels, whether they are 
of equal or of unequal diameters. In wheels that have to 




B 



gear together, the normal pitch, a — &, must always be alike. 
But only in wheels of equal diameter will the circumferential 
pitch, a-^e, be alike. In wheels of unequal diameter the 
dimensions of a — e will differ in the pair. 

The succeeding two figures show how the correct angles 
are transferred to the wheel blank. Obviously there will bo 
three separate sets of angles to be borne in mind in a screw 
gear — one at the pitch-line, which is the one obtained in Fig. 
58tf, the primary angle ; one at the root, less than that at the 
pitch plane ; and one at the point, greater than that at the 
pitch plane. We require the latter for marking out, because 
the t flank is turned to the diameter of the wheel at the tooth 
points. To obtain the angles, therefore, of the tooth points, 
proceed as in Fig. 58/. Let a represent the total axied pitch 
of a wheel tooth, and b the total circumferential pitch. That 
is, the dotted diagonal drawn between the extreme points of a 
and B would make a complete revolution of its cylinder in the 
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length A. But the actual wheel is only a short section of 
such a cylinder, equal to the length f in this figure, cut off 
by the line d— d. The total lengths a, b, are therefore 
divided out into as many parts as there are teeth — in other 
words, short sections of screws in the wheel, and the divisions 
on the line b are the divided circumferential pitches an the 
pitch-line, each identical with a — c in the previous figure. 
Now prolong the base line to length c, equal to the circum- 
ference of the tooth points and divide that into the same number 
of equal parts as b, and draw the full lines shown in the dia- 







gram to the divisions on a. These full lines will represent the 
divided tooth centres on the tooth points. All we have to do 
now is to mark these full lines enclosed in the parallelogram 
a, h, c, dj on a slip of paper of length c, and width f ; mark 
other lines parallel therewith to give the width of the tooth 
points, and glue them roimd the tooth blank and we have 
the angles of the teeth at once on the points. 

The shapes of the teeth are mostly worked by templet 
fitted to the shape of the inter- tooth spaces and guided by the 
lines on the paper. The involute is the best form for these 
wheels. The shapes of the teeth on the wheel faces will not 
be like the shapes taken normally to the tooth curves. 
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CIIAPTKrw X. 
ON CORE PRINTS. 

Priiits nut alwavs required. — ^Typical forms of Prints. — ^Tapor. — Depth. 
— Modifications of Prints. — "Stopping-off.** — Boxes — Coring various 
kinds of holes. — Top Prints. — Wrou^ht-iron pieces cast in. — Chain 
Wheel Cores. — ^Importance of Venbng Cores. — Decomposition of 
Watex in a Mould. 

AoRKEABLY with the purpose stated at the oommencement of 
this volume — that the study of general principles should be 
our object — ^we shall revert occasionallj to the discussion ol 
those matters which lie at the foundation of tlie pattern- 
maker's art, but which we can only mention incidentally in th« 
articles devoted to set subjects. In pursuance of this inten- 
tion, the present article is devoted to the subject of core 
prints. To treat this wide matter fully would occupy three 
or four such chapters, but by taking it simply in its widest 
beaiings we shall compress our remarks into a few para- 
g^phs. 

Firstly, then, core prints are not always necessary. When 
the cores are large and rest flat on the bottom of the mould, 
they can be set in position by measurement, and their own 
weight, or the pressure of the top box, or both combined, will 
maintain tliem in position. But usually cores are set in their 
places by means of prints. 

The simplest form of print is the common round or square 
kind, on which the apprentice makes his first essays. Then, 
of course, all prints which draw from the bottom of the mould 
are simply modifications of these, possessing taper, and vary- 
ing with the shape of the holes they are indicative of. The 
next form is the pocket or drop print, used for casting holes 
in the vertical sides of a mould where a common round print 
ooidd not be drawn up with the pattern. Here, when tho 
core is placed in position, the upper part of the print is filled 
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in with sand flush with the edge of the moiild. All prints, 
however they may vary in appearance, belong either to one or 
the other of these two types. 

Common round prints are tapered in the direction of their 
depth; the amount varying from iV inch to i inch in their 




diameter, smaller prints having less, larger ones more, taper. 
The only object in tapering them is to facilitate their with- 
drawal from the sand. Their depth varies also, a print small 
in diameter requiring greater depth than a large one, to steady 
its core in position, so th&t while a 1-inch print may be 1 inch 
long, a print with a broad base, say of 8 inches or 10 inches 
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in diameter, need not be more than i inch thick. The thick- 
ness of pocket prints depends upon the thickness of metal 
through which their cores have to be carried. If we had to 
cast a hole through an inch of metal, the print should be made 
H inch thick, to counterbalance the weight of the imsupported 
portion of the core. But if the thickness becomes very great 
we ought to have prints on each side of the pattern, in order 
that the core might be bridged across the mould. If, however, 
the core does not go right through the metal, but only a por- 
tion of the way, and the unsupported length is too great for 
an ordinary print to counterbalance, we simply put a print 
ihick enough to resist the crushing of its sand out of shape by 
the weight of the core, and sustain the opposite end of the core 
by chaplets. The partly closed box, which sometimes carries 
a front crane roll, or the cylinder or the plunger for a large 
hydraulic ram, having one end closed, will illustrate my 
meaning. 

Again, we may have three or four holes in the same vertical 
plane (Fig. 59, a). Here we should place pocket prints one 
over the other, the outer ones being thicker than those within, 
because of the greater length of core they have to caiTy. We 
should scarcely be able to make these outer ones thick enough 
to entirely coimterbalance their cores, but should expect the 
moidder to hold them in place until they were securely stopped 
over. ** Stopping over'* means filling up the upper portion 
of the print level with the face of the mould, after the core 
has been placed in position. 
Where cores of the same size 
are used repeatedly in one 
pattern, we make a special 
box to fill up the print as well 
as t4> core the hole out, or, in 
brief, to **Ktop itself off" (Fig. 
60 ; see also Figs. 44 and 45, 
p. 54). It is easily seen what ^j^ ^^ 

shape the core-box must be 
in order to fill up the print and take out the hole ; the difficulty 
sometimes is how best to joint it. However, this need offer no 
real obstacle if we remember that the only object in parting 
the box is to aUow freedom of delivery to the core. So that 
the various portions of an intricate box can be removed 
without tearing the core, it matters little in what particular 
way it is parted . 

Where a print has to be stopped up over a boss, the boss 
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must invariably be cut out to slip over the print, and not the 
print cut to fit over the boss (Fig. 59, h). This is apparent in 
an instant in the sand, for then a solid boss is seen to occupy 
the portion of the print which the moulder desires to fill up. 

When a long round core has to stand at an angle in a 
mould, it is customary to have, in addition to the botton 
print, a long tapered one in the top coming right through the 
top sand (Fig. 59, c). Here the core is thrust in through the 
top after the boxes are put together, and the proper bevel is 
thereby secured. But the danger is lest some of the top 
sand should be pushed into the mould by the descent of the 
core, and, remaining there, destroy the casting. The mould 
being finally closed, the workman can only rely on his sense 
of touch. This danger is partly guarded against by making 
the long taper print at its smaller end J inch lai'ger than the 
core, or more eflPectually by bending a piece of hoop iron 
around the smaller end of the print, and letting that remain 
in situ to protect the sand. But some moulders will rather 
sustain the core at its bevel by chaplets, and only use the long 
print where chaplets are not available. 

"Where cores are carried in a line through two or more 
contiguous ribs of a shallow casting, pocket prints are often 
discarded for a round parallel print placed between the ribs. 
This involves no stopping over, for the joint of the mould is 
brought down to the centre of the print, and a long round 
core insures greater parallelism in the holes than two or more 
shorter ones would do. The advantage of this is still more 
obvious where there are deep bosses, projecting inwards, for 
increasing the length of bearing. These would have to be 
stopped over were pocket prints used, whereas with a roimd 
print the bosses remain intact. But if the sides are too deep 
to allow of jointing down to the centre of the print, and 
moreover too thin to allow of the bosses being drawn in, and 
for some reason or other it is not advisable to joint the pattern 
ituelf in the centre of the bosses, the neatest way is to take 
out the ui)per half of both boss and print with a core 
(Fig. 61). A block print stretching from side to side, with its 
ends well tapered, and a core-box of corresponding size, 
with half bosses and half print fastened on its bottom board, 
will then answer our pui-pose admirably. 

In the case of a vertical core disproportionately long in 
comparison with its diameter, a bottom print is not usually 
sufficient to carry it steadily in the vertical position. Then 
we put a top print on the pattern in addition to that on the 
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bottom. Yet this is usually only essential where it is not 
easy to check the upper part of the core by measurement. 
In a common brass bush, even if it be 10 inches or 12 inches 
long, the moulder can centre his core by measurement, and 
the top box will keep it in position afterwards. So the core 
in the boss of a spur-wheel can be checked accurately from 
the points of the teeth. But a bevel-wheel with a deep boss 
on me back, or a sheave- wheel one half of which is in the 
top box, do not aiford the same facilities for measurement. 
So in these and similar cases it is advisable to put prints both 
on top and bottom. 
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We have frequently to cast a wrought-iron eye, handle, pin, 
or such like, in a piece of work. Here a print precisely 
similar to a core pnnt will be used, 
its shape following the outline of the 
handle, pin, or eye to be cast in (Fig. 
62). The spaces, a, a, left by the with- 
drawal of the print, are of course 
filled up with sand before the mould 
is closed for casting. 

Sometimes a hole has to be cast 
through a thick lug or bracket in 
such a position that a print on each 
side is necessary. Yet something else 
in the way, a bracket, perhaps, or 
boss, would render the ** stopping-off " of the pocket print on 
one side a troublesome job. The diflRculty is avoided by 




Fig. M. 
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having a common roimd print on this side loosely wired on, 
and by making the pocket print on the clear side about twice 
as thick as usual (Fig. 63). The core is then dropped into 
the pocket print, and thrust along into the round print. The 
vacant space behind and over the core in the pocket print is 
stopped up with sand as usual. 

The rim of a large chain- wheel is usually taken out with 
cores to save the labour of cutting out a large number of liiik 




Fiflr.68. 

recesses in the pattern. Here, and in aU jobs where the 
prints should well support their cores without assistance 
from chaplet nails, the print i^ould be plenty wide enough. 




Pig. 64. 

Give it, say, half as much again of bearing as is necessary to 
just coimterbalance the cores (Fig. 64). Of the core-boxes 
for these wheels we shall speak in due course.* 

Lastly, a core without communication with the outer air is 
an impossibility; no casting could be made with a core inclosed 
on all sides, for the gas generated by the heat of the molten 
iron would then be confined in the interior of the mould and 
form cavities in the casting — in other words, make it honey- 
combed or '* spongy," or blow up altogether. 

The theory is this : a mould is always more or less damp — 
that is, it contains water in a finely divided state. Water 
is composed of oxygen and hydrogen, H^O. At the tempera- 
ture of molten iron this becomes decomposed into the two gases, 
so that within a few minutes after the metal has been poured 
into a mould all the moisture within its influence becomes 

• Chap. XVU., p. 144. 



Digitized by VjOOQIC 



ON CORE FBorra. 77 

gaaeous oxygen and hydrogen, occupying, say, 12,000 time$ 
ths original volume of the liquid. Of these two, the oxygen 
enters into chemical combination of some kind or anomer 
within the mould, either with the carbon (the plumbago or 
the charcoal used for facing), to form one of the oxides of 
carbon, CO or CO,, or with fiie surface of the iron to form a 
skin of oxide, or with the sand to form a silicated oxide 
of iron (parting sand). The hydrogen escapes to the vent 
holes, and rushing out ignites with a loud report, burning 
with the blue flame characteristic of that gas. Hence it is 
apparent why not only the mould must be vented, but why 
all cores must communicate with the outer air. This, though 
properly belonging to the founder's craft, is mentioned in 
order to warn me ^ttem-maker never to entertain the idea 
of malring a core without allowing an exit for the gas propor- 
tional to the bulk of the core itseu.* As a matter of fact, in 
workshop practice holes are often cast in work in positions 
not indicated by the draughtsman, solely for the purpose of 
providing sufficient area of egress for the liberated gas, the 
intuition of experience being Sie best guide in such matters. 

* The student of ohemistnr will readily undentaod why the outrush 
of gaa from eren a small mould is so great. 
A cc of water weighs 1 gramme. 

The oombixking weights are Ht 2 ) « ^ 

O 16/— ^'* 

CO. 

18 grammes decomposed become 22,400 of H 

11,200 — 

33,600 
that is supposing the gases were measured at 0^ 0. 
»\ 1 gramme = I c.o. of water becomes — 
33,600 
— fg— = 1866 CO. at 0* 0. 

Out as the temperature of molten iron equals at least 1,500** C, this 
would expand the gases to — 

1866 X (273 +1600) ,^,,„ ^ 

273 = ^^'^^® ^'^ 

or 1 cc of water becomes 12,118 ou>. of mixed gnM. 
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ENGINE CYLINDERS 

Striking out. — Views required. — ** LsLgging up." — ^Head Metal. — ^Tunii 
ing. — Passage Block. — Steam-chest • Flange. — Prints.— Exhaust.— 
Feet.— Passage Core-box.—Exhaust Core-hox. 

Enqinb cylinders are of all sizes — from 2 or 3 indbes to 8 oi 
9 feet in bore, and of most varied types. The smaller ones 
are cast from patterns, the larger from loam moulds. We 
will take a simple illustration of a high-pressure cylinder of 
moderate size, and describe the making of its pattern before 
we pass on to the loam cylinders. This, like most of our 
work, must be struck out on the drawing-board. We want 
a longitudinal section, cutting through the steam ports and 
valve face (Fig. 65), and a transverse section through the 
same face and the exhaust port (Fig. 66), also a plan of the 
cylinder looking into the ports (Fig. 67). Make the drawing 
to the sizes of the finished casting, adding the due allowance 
afterwards for turning and boring. Taking a cylinder of 
6-inch bore and 10-inch stroke, let us give it certain definite 
proportions for convenience of illustration, and not £is fast 
dimensions. 



Length of cylinder . 
Thidmess of metal in body 

„ flanges . 

Length of port . 
Width „ . . . 

„ Qthaust . 
Metal round ports 
Length of valve face 
Width „ „ . 

Length of steam-chest flange 
Width „ „ 

ThicA-ness ol ditto 
DisUince between ports 



in. 

• i 

. 3i 
. i'# 

. H 
■ A 
. 7 

• *i 

. 10 

:'t 
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A foot or a pair of feet will be required for the purpose of 
bolting the cylinder on to its bedplate or framings and their 
shape and position will be detemnned by the shape and posi- 
tion of the part to which they are to be attached. 

When about to make the pattern, commence with the 
circular body. In order to mould well, this must be jointed 
longitudinally with dowels ; and unless a piece of very dry 
timber is available, it is not customary or wise in a standard 
pattern to make it in the solid. The proper way to make 
cylinders, as well as large pipes, is to **lag them up" Longi- 
tudinal strips are glued and secured with nails or screws to 
transverse ends which have been planed hexagon, octagon, 
or polygonal in form, the size across the flats being deter- 
mined by the thickness of the stuff in the lagging. Dowel 
the end blocks in their joints, mark out into flats, and saw 
and plane perfectly square across the thickness of the stuff 
(Fiff. 68, section). 

Now lay the joints of those halves which contain the dowel 
hoUa on the bench or on a true joint board, at the distance over 
all which coincides with the extreme ends of the pattern. 
In this instance this will be 14|- inches s length of cylinder 
-(- say 3 inches at each end for prints + 2 inches for " head 
metal " = in all to 22^ inches, and this will be the length of 
the lagging also. The object of head is this : — When metal 
is poured into a mould, dirt and scurf, being light, float on the 
surface, and along with entangled air bubbles rise to the top, 
making the upper part of a casting spongy and unsound. In an 
engine cylinder this porosity would be a fatal evil, diminish- 
ing its strength and permitting escape of steam. So these 
lighter matters are allowed to float into a ring uf "head 
metal " of the same diameter as the cylinder, and of suffi- 
cient height to contain them all. It is scarcely necessary to 
remark that this is turned off the casting and thrown away. 

Sometimes the pattern proper finishes with the head metal, 
and the prints are turned separately and screwed on the 
ends. This is a matter of no importance; but if our stuff 
is long enough to turn prints as well as body (and we will 
suppose this to be the case) our ang^ular transverse ends will 
occupy the ** out and out" position. Now take one of the 
pieces of lagging, plane up the face quite true, and bevel 
both edges. The mdth on the face will be the same as the flats 
on the transverse ends, and both edges will be bevelled so that 
if projected they would meet at the central axis of the cylinder. 
Glue and screw this first piece in place with one edge resting 
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on fhe joint board or bench ; 
chalk its upper ed^, and fit the 
second piece against it, until 
the chalk shows a fit every- 
where; plane the next edge to 
the same bevel at the proper 
width, and then glue both the 
face and the chained joint, and 
acrew. In this way carry the 
lagging round the first half of 
the pattern. Now turn over this 
first half, lay the dowel ends in 
place, and build up the second 
half in the same fashion. Allow 
the glue time to set hard, and 
then chuck in the lathe with 
centre plates, which are simply 
square pieces of sheet iron or 
brass with screwholes at the 
comers, and made — one of them 
to receive the lathe-fork, the 
other counter-sunk to run on the 
back centre (see Figs. 210, 211, 
pages 205, 6). When screwed in 
place, they form the temporary 
centres of the pattern, and retain 
the two halves securely together 
while beinff turned. The screws 
which hold them on should be 
put in firmly in order to prevent 
the work flying asunder while in 
rapid rotation. 

Wow, having our cylinder in 
the lathe, and being assured 
that everything is w^ secured, 
rough it down to within i inch 
of the body size with a sharp 
gouge. If belts are desired, the 
pattern must be roughed to the 
size of the belts first, and after- 
wards turned between the belts 
to the body size. Finish the body 
by scraping with a firmer-chisel. 
Mark on the body so turned a 

o 
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line at the distance of one print from either end, equal to 
3 inches, then another line at a distance from the first equal 
to the length uf cylinder, + the allowance for facing 
on flanges, — i inch, on each flange, equal to 14j- inches in 
all. From these two lines strike two others equal to the 
thickness of the flanges with their hollows, allowing, say, 
i inch for hollow. Turn out grooves for the flanges in the 
spaces thus marked ; measure oS 2 inches, the length of the 
head metal, and that will leave 3 inches for the length of the 
second print. Turn these prints down to 5J inches diameter, 
parallel, no taper being required — the cylinder moulding on 
its side ; 5 j^ inches diameter wiU g^ve the proper allowance 
for boring out on a small cylinder, but in hurger ones we 
should have rather more, from tV inch to' iV inch. Glass- 
paper and varnish the body, take it from the latiie, and remove 
the centre plates. Fig. 68 will represent one half the pattern 
at this stage. Turn the flanges in halves on the face-plate 
to flt the grooves, not forgettinfi^ the additional i indi in 
thickness for facing. They may be screwed on the body or 
left loose — it is of no consequence which. 

The ports and valve face will claim our next attention. Get 
a block of wood, wide enriugh and thick enough to include the 
polls and the metal inclosing them, and flt it between the 




Fig. (». 

flanges and round the curve of the cylinder body (Fig. 69). 
Havmg hollowed the inner face, plane the outside rounding 
and concentric with the cylinder body (Fig. 69, a), making 
the thickness equal to the width of port and of the metal 
bounding it (Fig. 69, b). Eecess this across the centre to 
receive tSie block through which the ports curve upwai'ds into 
the valve face (Fig. 69, o). This last piece should extend as 
far as the termination of the hollow on the under side of the 
vteam-chest flange. Be careful to have the top of this block 
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parallel with the joint of the pattern. Laying the half pattern 
on a true board, rest a Btraightedge over the block, and, 
measuring near its extremities, adjust its edge until it shows 
the block parallel with the board. Then screw in place. 
Nezty TOrepare the flange for the attachment of the steam- 
chest (Fig. 69, J)\ Make it stifficiently thick to allow for 
facing, and also for working the hollow on its under side; 
dow^ it on the port block, keeping it parallel up and down 
the cylinder. Work out the hollow on the back, using rebate, 
and carpenter's round planes ; make the valve face and nail 
it on, and on that again nail, screw, or dowel the prints for 
ports and exhaust (Fig. 69, b). 
Leave these prints barely 
i inch narrower than the fln- 
ished ports, so that the fitter 
may chip and file their edges 
aocuzately for the cut-ofit of 
the steam. 

Now fit a block of wood 
for ihe exhaust, the D-shaped 
piece of pipe which comes 
from underneath the steam- 
chest flange downwards to the 
joint of me pattern (Fig. 66, 
a). Work the portion which 
fits the body of the pattern 
with a gouge, and the outer 
part witb a chisel, using a templet struck semicircular in 
shape (Fig. 70\ A distinct half-round block will be fitted on 
the other half of the cylinder body, forming a continuation 
and termination of the D-shaped pipe (Fig. 70, a). Make 
ihe exhaust flange and print in halves, and screw one half 
on each portion of the exhaust pipe, the joint of the flange 
coinddii^ with the joint of the pattern (Fig. 70, b, b). 

The feet in our pattern are at right-angles with the steam- 
chest face (Fig. 66), and can be fastened on permanently to 
draw with tne pattern ; but had they been on the side opposite 
to the valve face, they and their bracketings must have been 
held in place with temporary s(;rews only, put in from the 
inside of the lagging. Put hollows behind thc^e feet, and 
allow for planing on their faces, b, b. 

We now consider the core-boxes. They are two in number, 
the steam passage and the exhaust. No box is requisite for 
the centre core, for the core maker strikes that against the 
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edge of a loam board. In this case it is simply a board a ifew 
indies longer than the cylinder and prints, having one edge 
planed straight and chamfered. The core-boxes, however, are 
not easily made by an inexperienced hand. By adhering to 
the following directions, and exercising a little ** insight/' no 
great difficufiy need be experienced : — 

Take the passage box first (Fig. 71). We have the curved 
part drawn in section (Fig. 66, c, and Fig. 65). IVepare, 
therefore, two pieces of wood, just the width of the port 
= 3^ indies, and exceeding its extieme length by about 





4 inches, and suflBiciently thick to allow of planing out 
the curves, and giving an inch of wood in the tlunnest 
part besides. For the outer curve of the port (Fig. 71, a) 
hollow one of the pieces, using a templet struck from the 
drawing, and for the inner curve round the other piece (Fig. 
71, B). 

We now want to form the ends and their curves. Evidenldy 
the longitudinal central lines of the pieces just worked corre- 
spond with the port lines on the longitudinal section we have 
drawn upon our board. So we set the central line of e€ich piece 
in turn over its corresponding line on the board, using a set- 
square for the purpose, and we see at a glance that we must 
block up at the ends of our straight pieces in order to form 
the terminations of the box, and we also see the amount of 
blocking that is necessary. Rebate out across the curved faces 
for the reception of these blocks, and glue and screw them in 
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place, 0, c. Fit and glue in like manner the bits which are to 
form the liollows, d, D; and work them in place. Screw on 
the blocks, e, b ; connect the two portions of core-box with 
transverse ends, f, f, letting them into shallow grooves, 
0,0,0,0, in the usual way, to prevent their ramming out of 
position. It will be remembered that our prints were made 
narrower than the finished ports to allow for exact adjustment 
of the valve. In that end of the core box, which corresponds 
with the print, thin strips of wood wDl be glued to diminish 
the opening to the width of the print. These strips may be 
i inch wider than the thickness of the print, giving J inch for 
depth of chipping strip in the casting. The planing will take 
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Fig. 72. 

} inch out of this, and the wear of the valve will reduce its 
thickness further in course of time. 

The other end of the core will fit the body core of the 
cylinder, and must, therefore, be hollowed to that curve. Fit 
a piece in that end, and with its rounding face h towards the 
c^re ipaee ; this will impart to the core the hollow form required. 

Lastly, there is the exhaust (Fig. 66, a). The joint of this 
box will correspond with the transverse section of tlio cylinder, 
cutting the exhaust passage along the centre. Two pieces of 
wood are required, sufficiently long and wide to include the whole 
cotirse of the exhaust with its prints, with about a couple of 
indies of timber besides (Fig. 72). They should be about an 
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inch thicker than the oemidiameter of the passage. Face both 
pieces truly, dowel together, and square one side and one end. 
To these corresponding faces transfer, by means of square and 
compasses, the sectional view of the exhaust port from the 
drawing board, extending that view to include the prints. The 
ends of the prints will coincide with the side and end we have 
squared. Gauge half the depth of the oblong portion of the 
port on each h^ of the box, and similarly strike on each half 
the circular portion of the port. Out inwards with chisel and 
gouge, using templets to insure accuracy away from the 
immediate vicinity of the ends. Be careful that the halves of 
the box correspond, so that the core shall show no overlapping 
edges in the joint, and fasten the chipping strips against the 
valve face as in the inlet core-box. Pig. 72 showA one half of 
this box thus worked out 

This is an example of a simple type of oyb'nder. The 
following one involves a good deal more work. 

Figs. 72a, 723, 72e? illustrate the casting of a double cylinder 
used for a pair of high-pressure inverted-inrlinder engines of 
good type, and selected as a good example of neat pattern 
construction, and study in cored work. Fig. 72a is an outside 
elevation, a, and sectional elevation, b, of the cylinder. Fig. 
723 is a plan, o, and a cross-section, d, the latter taken on the 
line X — X in Fig. 72a. Fig. 72^ is an elevation looking 
against the face, a a, of Fig. 72a. In these figures the prin- 
cipal parts are as follows : — ^f is a square flange, by which the 
cylinders are bolted to the engine standards ; o o are circular 
flanges, which receive the top covers; h is the exhaust flange, 
J the steam-inlet flange ; kk are the steam-chest flanges, k'e^ 
the steam-chests ; l is the steam inlet, h the exhaust outlet ; 
N is the block through which the steam and exhaust passages 
pass from l and m to the steam- chest in Fig. 72c, k gives metal 
round the steam passages just where they enter into the steam- 
chest ; o o are stuffing-boxes for the piston-rod glands. Other 
minor parts which are lettered will be noted when describing 
the pattern and core-boxes. 

Figs. 7 2d to 72/* give different views of the pattern. Fig. 72d 
is an outside elevation, corresponding with tne similar eleva- 
tion of the casting a in Fig. 72a. Fig. 72tf, left hand, is an 
outside view looking against the flange a in Fig. 72h, and the 
right hand is a section taken on the line x — x in Fig. 72d, 
Fig. 72/ is taken against the steam-chest face a a in Figs. 72a 
— 72c, and Fig. 72^ is a view of the joint-face of one-half the 
pattern, to show clearly the way in which it is constructed. 
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The cylinder bodies, a and b in the figures, are made bj 
lagging up. This is shown in Fig. 72^ in end view, and in 
section. Transverse blocks, a, h (compare Figs. I'le and 12g) 
are dowelled together, and the lagging strips o are fitted upon 
these with the edges jointed radially, and glued. The strips 
are made long enough to include the head metal, f, and the 
prints Q for the cylinder bores. Grooves are turned to receive 
the double flange o (compare with Figs. 72a — 72<?). These 
grooves are seen in Fig. 72^. At the other end the bodies are 
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Fig. 72c. 

secured by means of the oblong flange p, screwed against the 
ends of the bodies. Upon this flange the stufling-boxes o 
are screwed, with gland-shaped flanges and prints, b. 

Upon the bodies the steam-chests and their flanges are now 
fitted, k' is the body, k the flange. The body blocks are 
fitted round the curves of the cylinders, and the flanges 
screwed against them. Prints, s, are screwed against flie 
flanges to carry the steam-chest cores, of length and width d 
and € respectively, corresponding with d and e in Figs. 72a 
and 72<?. These prints must be made wide, as shown, in order 
that the cores shall not overbalance themselves. 
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The block k for the steam passages will be the next fitting. 
It reaches across, and partly encircles, the two cylinder bodies, 
and is of the thickness /, corresponding with the thickness / 
of passage and metal in Fig. 72b, A narrow piece, N^ is 







added at each end where the steam-passage core enters the 
steam-chest. Since there is an open space, t, between the 
cylinders (Fig. 723), it is clear that the sand forming that 
space in the mould would not deliver above the area covered 
bj the block n. The only alternatives, therefore, are either 
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to put solid metal there, or to core out the space. To put a 
lump of solid metal there would be a barbarous alternative, 
and, besides looking unsightly, would cause a 'Mraw" in 
the casting. Coring is easily done. The print for the core 
is shown at t' in Figs. 72i and 72^. It is fitted between the 



s- 




cylinders, extending between flanges a and f, and meets the 
bottom of the passage block n. This leaves a thickness of 
metal, ^ in Fig. 723, which must be put in the core-box, as 
will be shown presently. On the passage block n the bosses 
tj V, for steam and exhaust respectively, are screwed, and the 
flanges h j dowelled on in one piece. F^nt« l' m' are fastened 
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upon the flange for the steaui and exhaust openings respec- 
tively. It wifl be noted that l is a square print, although the 
hole is round. This was done to keep the core from becom- 
ing shifted round slightly in the mould, as it does not fit into 
any prints at the steam-chest end, whereas the exhaust 
cores that fit into print m' also fit into prints at the opposite 




Fig. 72/. 

end in the steam-chest cores. Pieces fitted at w for the steam- 
chest stuffing-box, and at z for the pet-cock bosses, complete 
the pattern. 

Tlie timber shading illustrates the best disposition of the 
grain throughout. The hollows or fillets are also shown. 
Boring allowances are made in the cylinders and stuffing- 
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boxes, and facing on all the flanges and on the port faoes, of 
4 -inch in amount. 

The provisions for making the cores are shown in Figs. 72A 
to 72n. Fig. 72A is the board used for striking the central 
core. The portions h, j\ k strike the bore, the neck, and the 







stuffing-box respectively, similarly lettered in Fig. 72a. The 
recess / is for the arboring I in Fig. 12a, The portions corre- 
sponding with prints q, r, and head p in Figs. 12d and 72/ are 
also similarly lettered in Fig. 72A. 

Fig. 12% is the steam-chest core-box, fitting the print s in 
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Figs. I2d — 72/, the length d and width e correeponding in 
eadi case. A comparison of the two views of the box with 
the section of the steam-chest recess in the right hand of Fig. 
72a, and its face view in Fig. 72(?, will render the relationship 
of the parts of the box thereto apparent. The steam-ports 
m m, and the exhaust port », in Figs. 72a and 72c, are repre- 
sented by the prints similarly lettered in Fig. 72». The box 
is framed together with grooved sides and ends, and a bottom 
board is dowelled on to carry the port facing and prints. 
Fig. 72k is the steam-passage box. Its coincidence with 




Fig. 72m. 

the passages p in Fig. 72a is apparent at once. Its width is the 
same asp^ ia Figs. 723 and 72o. 

Fig. 72/ shows an edge view, and also one-half the exhaust 
core-box in plan. Its outline is seen at the right of Fig. 723, 
and the width of the core is seen in plan at g in Fig. 72a, left 
hand. The end m" fits into the impression of the print m' in 
Fi^s. 72d — 72/ and the end »' into the impression of the 
pnnt n in Fig. 72*. There are two cores jointed at o, the centre 
of the print. The two passages could, however, be made in one 
core just as is done alternatively in the next box, Fig. 72»i, 
for the steam inlet to the steam-chests. The two heaves of 
this box A B are shown dowelled above in plan ; the half b is 
shown below open in the joint-face. Comparing the box with 
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Vif;. 72a, i/' is the square opening, corresponding with the 
print j/ in Fig. 72dy and the reason why this opening is not in 
the same pl^e with the passage itself is dear on a compa- 
rison with the left hand of Fig. 72a. This necessitates a joint- 
ing along the plane r, and along the plane a in the core-box. 
The half b is shown open on both planes, the half o that 




Fig. 72». 

fits on the plane 8 being removed. The curvature and width 
of the passages coincide with the curvature and width of the 
exhaust passage l in the right hand of Fig. 723, and the 
width of the passage in the other direction is t on the right 
hand of Fig. 72a, The timber shading explains the arrange- 
ment of grain. 

Fig. 72» is the box for taking out the space t in Fig. 72b, 
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with the print t in Figs. 72d and 72e. A framed outer box 
is made of the same length as the pattern between flanges f 
and Q, and of the width of the prmt t' ; and blocks ▲ b are 
put in corresponding in section with the cylinder bodies a 
and B in Fig. 72a. Apiece, u, is fitted within, corresponding 
in area and in position with the portion of the passage blo<£ 
N in Fig. 72a that ooyers the space t, and this is held incor- 
rect position with a batten y screwed or dowelled upon the 
box-^ges. The thickness, g, of the piece if is equal to ^ 
in Fig. 72b, and forms the metal below the passages. 
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CHAPTER XIL 

ENGINE CYLINDERS STRUCK IN LOAM. 

The vm of Loam. — Foundation-plate for striking on.~Bottom-board.— 
Body-board. — ^Attachments of Cj'linder. — Losmo Bricks. — ^Top-board. 
^Head. — Central Core. — Closing the Mould. — ^Variety of Design in 
Cylinders. 

A icoTTLD taken from a wooden pattern is the most convenient 
and economical method of making a small cylinder, but it 
wonld obviously be too expensive in one of large diameter, say, 
ranging horn 3 feet to 8 or 9 feet. If, then, we had to make 
a cylinder so large in diameter, and perhaps 6 feet, 8 feet, 
or 9 feet long, we should " strike it up " in a loam mould 
Foundiy loam is a mixture of various sands and horsedung, 
which mixture, unlike the common sand, has the property of 
hardening when dried. Beins^ plastic when in the wet state, 
it can be ** struck up,'' or made to assimie any shape that may 
be required. The necessary outline is imparted to the mould by 
a board having a ** chamfered" edge, which board swivels on 
a bar set upright, and working in a step. Portions of work, 
not circular, as valve faces, feet, passage blocks, &o., must have 
their corresponding patterns made separately, just as in the 
case of an entire wood pattern, and embedded in the loam, 
there to remain xmtil it is dry, when they are drawn out as 
from ordinary sand. 

In our large cylinders we begin with the bottom flange. 
Make a rough C€ist-iron plate, 5 inches or 6 inches larger than 
the diameter of the flange, and about 3 inches thick ; cast four 
projecting lugs on its circumference, and let its upper surface 
(Fig. 73, a) be studded over with points or " jaggers " to hold 
the loam. A hole in the centre is necessary, to allow the 
oentral strikinff bar to pass down to its socketed footstep. This 
plate will be placed on any convenient support, usually wooden 
olocking B, B, and daubed over with thick loam. The first 
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BtrikiDg board, o, notched to correspond to the semidiametei 
of the nange, minus half the diameter of the striking bar, d, 
also shouldered back to the thickness of the flange, and carried 
out parallel a few inches beyond its edge, will oe swept over 
this surface. By repeated strikings, and the iinal appUcation 
of thinner loam, the shape of the edge and face of the bottom 
flange, together with a joint surface, will be obtained. This 
will then be lifted by the projecting lugs which are cast on the 
foundation-plate, taken to the stove, and dried. When dry, 
it will be simciently hard and firm to sustain the body of the 
cylinder which will be built upon it (the latter might, however, 
be built on a separate plate, and then transferred). The outer 
board for striking the body, framed together with half -lap 




^ 

Fig. 73. 

joints, cut at the top to form the flange and the upper joint, 
and chamfered, will be screwed to the bar, with its bottom end 
level with the face of the flange (Fig. 74). The flange itself 
will be temporarily filled wim sand. On the flange joint 
already made the moulder will build up the body of the 
cylinder. Outside, and about an inch away from the edge of 
the board, he will build courses of bricks, bedding each 
successive course on a thin layer of loam, until the proper 
height is attained. Within this wall of bricks loam will be 
laid, and struck truly circular by means of the board. The 
upper portion of the board will strike the top joint, coinciding 
wifli me face of the top flange, and that joint will have a 
" check " about 1^ inch deep, and standing about 4 inches away 
from the edge of the flange, which check becomes a guide 
for the concentric setting of iJie top mould. Passages, valve 
faces, and flanges, of one type or another, will be required. 
These, as we said before, will be made as patterns, and 
embedded in the loam, and, of course, where they come the 
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bricks must be left out. Portions of these may require to be 
loose for convenience of drawing in, and while some pieces 
will be drawn into the mould, others perhaps, as steam-chest 




Fig. 74. 



flanges, will have to be drawn from the outside. Where a 
flange is drawn from the outside, its face will be made by a 




Fig. 75. 

flat cake of loam laid against the outside after the mould 
is finished. Where there are wide flanges or brackets in 
close proximity to the bod,y of the cylinder, there is a 
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dangor of their breaking off during the contraction of the 
metal, owing to the unyielding nature of the bricks. In such 
cases "loam bricks" are used, i,e. bricks made of loam and 
dried. These will crush and give more readily to the shi-ink- 
ing of the metal. 

The face of the top flange will be made by a board showing 
a joint exactly the counterpart of that on the body-board, 
having its "check" cut the reverse way to that shown in 
Fig. 74. A tongue must be screwed upon it to give the pro- 
per head metal, say six or eight inclies (Fig. 75). The 
flange face will be struck on an iron plate similar to that 
which was used for the bottom. 

Meanwhile the outside of the cylinder will have become 
sufficiently set for removal to the stove. It will be detached 
from the bottom plate for this purpose, and while it is drying 

the centre core, representing the 
bore of the cylinder, wiU be 
struck up. Here also a board 
in a vertical position will be 
used, striking a coating of loam 
on a body of bricks (Fig. 76). 
This, too, will be dried and re- 
moved. 

All the parts having been 
struck and dried, the moulder 
then blacks their surfaces and 
puts them together. Fig. 77 
shows the mould in section. 
The passage cores, not shown, 
for which core-boxes must be 
made in the usual way, as 
described in the last chapter, 
will be fixed, and the top and 
bctiom parts of the mould will 
bo secured by bolts, embracing 
the lugs on the top and bot- 
tom plates. The whole will then 
be placed in the foundry pit, due provision having been made 
for the bringing off the gas from the mould, and the entire 
affair is rammed round with sand previous to casting. 

Cylinders vary very widely -in general design ; consequently 
a detailed description of one pattern will not apply to another. 
In this, as in many other classes of work, a pattern-maker will 
seldom get two jobs exactly alike. He must, therefore, find 
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6afe and sufRcient guide in the general principles of liis trade, 
assisted bj the teachings and warnings of experience. Thus 
he must not only foresee whether or no his pattern, whel 
constructed, will deliver from the sand, but whether the cores, 
as well as the mould, can be put together in detail, and so 
securely that nothing shall be washed out of place by the 
rush of metal. He mil also consider where core prints can be 
used with best advantage, since sometimes prints will be dis- 
pensed with and "chaplets" used instead; frequently also 
prints in cores '\«ill form the supports for other cores. 




Fig. 77. 

Cylinders are sometimes cast double ; frequently they are 
jacketed ; often the steam-chest forms a part of the cylinder 
casting. The feet are sometimes in awkward positions and of 
queer shapes. Of late years engines have come into common 
use in which cylinder, bedplate, and guide-bars are cast all 
in one. In these matters of detail the general principles we 
have laid down, coupled with the knowledge to be gained by 
experience, are sufficient guide to the workman who may 
never have seen a piece of work precisely similar to that which 
he may at any moment have to take in hand. 
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ON ENGINE BEDS AND BASE-PLATES IN GENERAL. 

Definition of a Bedplate. — Horizontal Engine Bed. — Methods of Mould- 
ing.— Way of Casting. — "Boxing-up" of Patterns. — By two Methods. 
— Attachments of Bed. — Types of Bedplates. — Core-boxes.— Buck- 
ling of Castings. — Theory at Fault. 

There is no limit to the forms which bedplates may assume. 
But howei^er their details may vary, a bedplate is a bed- 
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plate after all. Any piece of casting which becomes the foun- 
dation for machinery may be termed a bedplate or baseplate. 
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In a general way we should define it as a plate of metal 
rendered rigid by means of ribs or flanges. There may be 
bearings, brackets, facings, lugs, bosses, recesses, mouldings 
also, 'wbich will complicate the pattern in a greater or less 
degree ; but the remarks following will apply in a general way 
to all castings of this class. 

We will, first of all, give detailed directions for the making 
of a common type of engine bed, and afterwards pass on to 
observations of a more general scope. Say, then, we have to 
make a bedplate for an engine of the ordinary horizontal type. 
The bed is of a type which in these days of compact and cheap 
engines is becoming somewhat antiquated ; but it is purposely 
chosen because it iflustrates well the method of '* boxing up," 
and affords a good medium for the remarks we wish to make 
on beds in general. It is a plain bed shown in Fig. 78. Two 
ways of coiutructing it would occur to the pattern-maker. One 
would be to make the pattern like the casting, allowing every- 
thing to deliver itself; the other woidd be to take out the 
space between the ribs with dried cores. Selecting a bed 
having a section like Fig. 79, the first method woidd answer 
very well; but taking one with a section like Fig. 78, the 
second plan woidd be preferable. Where the pattern delivers 
itself, the sides (Fig. 79, a, a) must be tapered, or set out of 
perpendiciilar, say i inch or ^ inch, de- m^a^^^i^m^ 
pending on the depth of the bed ; and the at 1^ 

flat ribs or flanges, &, h, must be held only ■ m 

temporarily with wires or ** skewers," so ^ ^ 

that after the pattern is rammed up they Kg. 79. 

may come away loosely along with the body of sand which 
forms the hollow portion of the bed, to be subsequently 
withdrawn sideways. But where the hollow portion is taken 
out with cores, as in Fig. 78, the pattern will be made just 
as though the casting were not to be hollowed out at all, and 
core prints on the back (enlarged section) will give the only 
indication that the bed is not intended to be solid. Let us 
premise that when we mention the back of a pattern we mean 
that portion in the top of the mould — in the case of our bed, 
that portion which bolts on the foundation-stone. 

Now, it would always be more convenient to lay cores in the 
bottom part of a moidd than to hang and screw them in the 
top. But as we have already mentioned, when speaking of 
cylinders, the bad metal always rises uppermost, and it would 
be highly detrimental both to the strength and appearance of 
a bedplate to have a quantity of scurf and air bubbles spread 
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over its surface, where faciDgs, bearmgs, boeses, ftc, require 
to be faced bright, and where a sound plate is necessary to 
sustain the complicated strains and stresses of moving parts. 
Hence it is usual to cast beds with 
the plate downwards, and to hang 
the cores in the top. 

If we had to make a small bed- 
plate for a four or six h.p. engine, 
we should plane up solid stuff and 
mortise the crossbars (Fig. 78, h, h) 
into the sides, r, e, a process suffi- 
ciently simple to need no descriptive 
detail. But if the bed were a large 
one, say ten or twelve feet in lenc^ 
we should '* box it up." In iUus- 

Ni\j \jj tration, suppose we had a plain 

^ ^ ^ \ rectangular piece to box up, 12 feet 

\!i^+^ long, with a 9-inch by 6-inch cross 
section, and had l-inob stuff avail- 
S able for the purpose, we should get 
^ out the two sides 9 inches wide, and 
the top and bottom each 4 inches 
wide by the 12 feet in length, drop 
the top and bottom between the 
sideS; and nail together. Internal 
support would be given to the ' * box " 
by cross-bars or blocking pieces 
placed at intervals of about a foot. 
By building up pieces of heavy sec- 
tion in this manner a saving of 
timber is effected, and the liability 
of the pattern to warp and twist out 
of truth is lessened. 

We can apply this method to our 
bed in one of two ways. The sides 
and cross-bars may be each boxed 
up separately — squared off to their 
respective lengths, and fastened to- 
gether by tightly fitting dowels, assisted by screws driven in 
obliquely. The better method, however, is to frame the top 
and bottom plates of the pattern together with half-lap joints 
(Fig. 80). Then to take the pieces intended for the sides 
and screw them on separately through one plate, first remem- 
bering to screw the inner sides, a, a, of the pod to the ends of 
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the cross ribs, b, 5, i, i, before the outer sides, e, c, are put in 
place. The sweeped or curved end, <?, may be built up with 
an outer and inner course of circular segments, or simply of 
circular arcs. Then, when the sides are all complete, place 
internal cross-bars, to insure the necessary rigidity during 
ramming up, and screw on the top plate, e. 

Proceed to dress off all overlapping joints, and to mark 
out all centres. Dowel prints i inch or i inch thick on the 
back to carry the lightening cores, for if screwed fast, the top 
sand, on being lifted, will be torn away; if dowelled thev 
come up with the top, and can be taken out one by one. A 
moulding, d, d, will be carried round the lower edge of the 
casting ; plane this to required shape in strips, and screw on. 
Bound the semicircular end it will be ''saw kerfed" after 
carpenters' fashion, or it may be worked in short sweeps with 
gouge and chisel, which is the better way of the two. Lugs 
or ears for bolting down, e, will likewise be made, and 
screwed to the outside of the moulding. A bearing, p, 
will be cast on to carry the crank-shaft. It will be at an 
an^le of 45** or thereabouts with the face of the bed, and 
win require to be drawn from the sand parallel with its own 
cenire Und. Therefore it will be dowelled, and left loosely in 
the mould. This also will be lightened with a core, and the 
recess for the reception of its brass bearing will be either 
taken out with a core or cut in the block, it is immaterial 
which. Bosses for the guide-bars are turned and pinned on. 
Facings for the cylinder will complete the bed. 

I cannot recall to mind any type of bed casting which 
cannot be made in one or other of the ways which I have 
indicated in this chapter. Broadly, then, they may be divided 
into beds either solid or boxed up, and beds the counterparts 
in shape of the castings ; in the latter case leaving their 
own cores, in the former hollowed by dry sand cores. In one 
or other of these methods, or by a combination of both, all 
bedplates can be'made. In some classes of work drawbacks 
are useful ; but as a chapter (XXII.) is devoted to this and 
kindred subjects, we will not enter into it here. 

The core-boxes remain. They are readily made. The sides, 
including the depth of the core together with its print, are 
grooved out for the reception of their ends. Flanges are 
dropped within the box like the internal flanges in the casting, 
but thicks than those by the added thickness of the print 
(Fig. 81, <i, a). As the cores are sometimes of different lengths, 
though of the same section, one box is made to do duty for 
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them all, their various lengths being given by an adjustable 
sliding end, screwed where required. The lightening core 
in the bearing will require its special box, and 
will be adjusted by chaplets — a print on the 
bottom not being available ; or it may be screwed 
through one of the long cores into the top. A 
speciid box may also he made for the semicir- 
cular end, or, if economy is to be studied, the 
end core may easily be strickled. All that is 
necessary then is a strickle about an inch thick, 
^ cut to the shape of the core section, and a thin 

siCTiou ^r cast plate of iron to strike and dry it u^on. 
CORE BOX Figs. 81a and 81^ illustrate an engine bed 

*** ^ plate, with crosshead guide and crank bearing 
cast in one piece. The bed is for a cylinder of overhanging 
type. In the figures, a is the plate of the bed, b the sides, 

tbe circular guide, d its oil cup, e the stuffing box for the 
cylinder, f the crank bearing, g lugs for bolting the bed down, 
H the f^et or beading. There are other minor parts besides, 
lettered in the figure, which will be referred to presently. 

There is only one really practicable method of moulding 
this bed, and that is in the reverse way to that which it 
occupies when fitted up. Nearly all the outside portion will 
deliver freely. The facing j, however, which receives the 
cylinder fiange, must be leii loose. The bearing f must be 
dowelled on, to be drawn after the bed in a diagonal direc- 
tion, that, namely, of its own centre line. The facings a must 
be skewered on, and the seating h for the brasses must be 
cored out. But the most troublesome portion is the circular 
ffuide 0. There are three points about tnis guide that have to 
be considered. First, it is hollow ; next, there are side open- 
ings oc; lastly, there is a portion ddt seen in Fig. 81^ to be 
undercut. Without discussing possible methods of getting 
over these points in moulding, I will simply say that the only 
practicable way of doing so is to core out the hollow part, the 
side openings o c, and the undercut portion dd, in & single 
core. How this is done will be shown presently. At present 

1 will consider the pattern work only. 

Figs. 81c to 81tf give various views of the pattern, made in 
the best fashion. First, it is boxed up. Top and bottom pieces 
of board a a are cut to the plan outline of the bed, and the 
sides B planed to parallel width, are fitted between, and the 
whole is nailed or screwed together. Those portions of the sides 
which are curved are sawn out with band saw, or cut with 
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gouge and chisel to the required curves. To avoid short grain, 
they are made in two or three separate lengths, and abut 
simply at the ends like the similarly curved portion of the 
fillets 0, seen in plan. Taper is put in the sides. In a shallow 
bed like this, j-mch on each side is ample. The lugs g are 
worked separately and screwed upon the fillets. Core prints 
y, for the holes that receive the hold-down bolts, are nailed 
upon the lugs. 
The crank bearing f is cut to outline and dowelled on the 
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Fig. 8lfl. 

plate A. A deep bearing like this should be secured tempo- 
rarily with cramps while being rammed in the sand. The 
dowels will keep it in central position, but will not be a 
security against its being rammed aside. 

The print /carries the core for the recess b in Fig. 81a ; a a 
are the facings that receive the shoulders of the brasses. 
These facings are skewered on because they have to be left in 
the mould, to be withdrawn subsequently to the block f. 

The gmde c in Fig. S\a, being cored out, is blocked up in 
the pattern in any convenient way. In Figs. Sic, Sid, and 
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Sle, the method shown, which, however, may be modified, is 
this : A block k, which may either be solid or boxed up, is 
screwed upon the plate a and cut to the outline of the upper 
half of the openings c in Fig. Sla. Upon the block is fitted 
the pattern pturts, cut to correspond with that outside portion 
of the curved guide c which stands above the print k. The 
way in which this is made is rendered clear oy the timber 
shading. The flanged end l is cut *' plank way," to avoid 
short grain. The facing j for the cylinder is a separate 
turned piece skewered on. The oil cup d is screwed as a 
separate piece upon the g^de, and has a print d. The under- 
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side of the bed is cored out, and m is the print. Being of large 
area, it is thin, J-inch only, and is dowelled on. 

The core boxes for the bed, shown in Figs. 81^ to 81i, will 
now occupy our attention. The only intricate box in the lot 
is that which takes out the circulto" guide. This is shown in 
Fig. 81y. The total length k of the core made in this box is 
the same as the length k of the print k in Fig. Sic, and the 
width k' as that k of the print K in Fig. Sic, Its depth it" is 
not important, but is sufficient to give room for a thickness of 
timber above the upper and hollow part of the crown of the 
guide. The box is made with bottom board d, sides k e, and 
ends F F, the latter rebated into the sides. 

A rather close examination and comparison of the figures 
will be necessary to make clear the relationships between it 
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and the drawings of the bed casting, and of its pattern. The 
hollow part of the guide is formed of several sectional por- 
tions. Of these one moiety is put upon the bottom board ; 
the other is carried with the battens e$^ mm. The lower half 
of the parallel bored portion of the guide is formed by the 
piece «, the upper half by the piece o. The width of the 
pieces no corresponds with the width n in Figs. 81a and 81<?. 
The diameter p of the bore corresponds with the diameter p 
in Fig. 81a, with, of course, allowance for machining. The 





Fig. 81c. 

length q of the openings corresponds with the length q in 
Figs. 81a and 81(?. The length r in Fig. 81y terminates the 
parallel portion of the guide, and the pieces n o at top and 
Dottom terminate there for convenience sake. Comparing the 
blocks «, t, «, and v with the corresponding parts of Figs. 81a 
and 81(?, particularly the plan view in these figures, their coin- 
cidence will be more clear than any laboured verbal description 
can make them. In the plan view of Fig. %\g the top blocks 
u V are removed, so that we are looking into the lower half of 
the box on the line x — x. The upper half o of the straight 
portion of the guide, with its battens m m, is, however, left in 
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position. One of the upper blocks t?, removed, is seen at the 
top right hand comer. At to is seen the stuffing box, shown 
at B in Fig. 81<». It is provided with a print for coring out 
the stuffing box, which core is inserted in the main guide core. 
When this guide core is made and placed in the mould, it not 
only fills up the print k in Figs. 81<?, 8l(?, and 8W, but also 
takes out the whole of the circular portion of the guide, the 
side openings oc^ and the undercut portions ddm Fig. 81^. 

The remainder of the core-box work is simple. Figs. 81 A 
and 81» show the boxes used for coring out the underside of 
the bed. The cores are parted at the Ime m in Fig. 81a, and 
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their correspondence with the outlines seen dotted in plan and 
in section m Fig. 81a is so obvious as to need no comment. 
Sometimes the main core is made of the full length, and the 
lightening core for the bearing made separately ; but this is of 
no consequence. I am showing these just as they occur in 
the example from which they are taken. 

The conclusion of this chapter will be a fitting occasion to 
say a word or two upon the *' buckling " of castings, and of 
the measures to be adopted in order to guard against the evil 
of castinffs coming out crooked when they ought to be straight. 
The moiuder may, by judicious cooling, do much to minimise 
this evil ; but the issue depends chiefly on the relative pro- 
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portions given to the patterns. Yet proper proportions once 
attained, slight departures from these will so modify the con- 
ditions of regular cooling that it is very difficult, almost impos- 






Fig. 81*. 





Fig. 81i. 

sible, to lay down any reliable rules in these matters, or to say 
beforehand how much a casting in which the proportions of 
metal are unequally distributed will curve in cooHng. The only 
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useful guide in these things is that afforded by the constant 
habit of observation and a long experience. The engine bed in 
Fig. 78, p. 102, wiU certainly curve in cooling, so that if the 
pattern were made straight the plated portion of the casting 
would be hollow when cold. To what extent it would curve 
it would be impossible to say without previous experience 
It may be i-inch, f-inch, or ^-inch, according as the moulding 
and inner rib are tiiick enough to compensate in a greater or 
less degree for the larger extent of metal in the top plate. 
We therefore round the pattern to the same extent that we 
expect the casting to go hoUow, and in the opposite direction. 

Yet, although a long narrow bed will curve to a consider- 
able extent, a broad plate made double for a pair of engines 
will be foimd to remain very much like the pattern. And the 
rule appears to hold good that the narrower the casting the 
more Uable it is to warp. Breadth apparently gives rigidity, 
since on a long narrow casting a very slight excess of metal 
will cause a curve in the direction of that excess, while on a 
broad casting it would have no ill effect. Other conditions 
being equal also, a light casting will always '* go " more than 
a heavy one, and wuL be influenced by slight modifications 
that would not affect the heavier one. The quality of metal, 
too, is not without its influence, hard iron being more liable 
to curve than the softer kinds. Every now and again, how- 
ever, things crop up in foundry practice which appear to 
invalidate one's pet theories on this subject. 
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FLYWHEELS. 

Pattern Wheels. — ^Wheels struck up. — ^Wheels with Oast-iron Annf . — 
Striking the CJore-bed. — 8ize of Coree. — ^Form of Core-box. — Laying 
Gores in position. — Top part of Mould. — ^Wheels with Wronght-iron 
Arms.— Sweeping up the King. — Oore-box for the Arm Bosses. — 
Casting of Central Boss. 

Flywheels permit of very little variation in design. We may 
divide them into two classes — those with cast and those with 
wrought-iron arms. The former are the more rigid, the latter 
are the safer. 

Except in the case of standard wheels made for engines 
which are a speciality, and which, therefore, require a 
repetition of castings all exactly alike, very few flywheels 
are made from patterns, but are struck up. If, however, we 
had to make a pattern for one of these standard wheels, or one 
for a small engine, we should proceed as follows : — 

Build up the rim in courses of segments, as in the case of a 
toothed wheel (p. 18), and lock the arms 
together, aocordrng to directions also pre- 
viously given (p. 25). When the rim is 
built up to halt its full thickness plus half 
the thicEness of an arm, turn its inner por- 
tion to the correct diameter, and notch out 
recesses to receive the ends of the arms. 
Glue these in, and above them glue on the 
remaining courses of segments. Then com- 
plete the turning of the rim, and work the 
arms to shape (Fig. 82). If the wheel were 
large it wo^d be more convenient to work 
the arms before glueing them in place, 
leaving only the radii which merge into the 
rim to be finished in position. Suitable bosses 
will then be turned and screwed on the 
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centre of the wheel, and the core print put on the centre of the 
boss which is in the down side of the mould. 

But suppose we have to make a large wheel, ranging any- 
where between 4 feet and 12 feet in diameter, witiiout a pattern. 
We should proceed in this way. We should make a board 
chamfered like a loam board, and, like it, fastened to a centre 
bar (Fig. 83), to strike a ring of sand of the same diameter 
as the periphenr of the wheel, the top edge of which ring 
would be struck off level by the board to form the joint 
for the top of the mould. The disc inclosed by this ring would 
be struck to a true plane of sand at a depth below the joint 
equal to the thickness of the wheel rim. During the process 
of striking, the sand forming t^e outside of the rim will 
break away and fall down to a certain extent. A sweex>ed 
piece, worked to the proper radius and depth, will therefore 
be necessary to mend this up smooth and sharp (Fig. 84). 
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Fig. 88. Fig. 84. 

Further, if the flywheel be shallow, the striking board must 
be modified a little. From the inner diameter of the ring 
right away to the centre it must be cut deeper by 2 inches 
or 3 inches, thus recessing tilie bed below the edge of the 
rim by that amoxmt (Fig. 83), where the core-bed is seen to 
be bdow the face of the rim. The object of this is to ^et 
Buffioient depth of sand and grid room in the cores which 
are to form the arms. There £ould not be less than 1^ inch 
or 2 inches for sand, and 1 inch for grid allowed over the 
thickest part of the arm. 

Two cores, placed face to face, make up an arm. They are 
jointed in the drcidar plane of tlxe wheel, and extend from the 
mner diameter of the rim to the central boss. If, then, our 
bed were level with the edge of the rim, our core-box would be 
just half the depth of the rim. If the core-bed were sunk 
lower than that edge, the core-box would be thicker than half 
the depth of the rim by that amount. 

The box must be sufficiently wide to give 3 inches or 4 inches 
in breadth of sand for radial jointing where the cores abut 
against each other around the boss. There should also be 
enough sand to include the radii or hollows where the arms 
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sweep into the rim. It will be framed together in the usual 
fashion of rectangular core-boxes, with two sides (Fig. 85), 
having their two ends kept in position by shallow grooves. 
The end which represents the inner diameter of the wheel 
will be hollowed to the same sweep as that diameter. At the 
opposite or boss end, two symmetrically shaped joint blocks, 
a, a, will be fitted, including between them an angle of 60°, 
that being the angle which the cores will occupy in relation to 
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each other in the mould for a six-armed wheel. On one edge 
of the box so made a bottom board will be dowelled. 

We have now our box in outline, requiring the arm to 
complete it. As the cores are to be jointed in the centre, both 
top and bottom cores must evidently be alike, and our arm 
will represent only a Aa^ section. 

Prepare, therefore, three pieces of wood, representing 
respectively the straight portion of the arm, b, the sixth part 
of the boss, including the hollow by which it sweeps into the 
straight arm, <?, and the sweep curving into the rim, d, each in 
half section. Dowel or screw these in the centre of the core- 
box and upon its bottom board. A sixth part also of the Gen- 
eral core print may be put on the boss segment, if the box is 
deep enough to allow of this, or the core may be centred in the 
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mould after the arm cores are laid in place. Notches, e, e^ will 
be cut out on the top edges of the core-box to take the grids 
(Fig 86). A grid is a cast-iron frame of latticework, which the 
moulder uses for the same purpose as the bricks and plates in 
a loam mould, viz. to give rigidity to the core. Those portions 
of the grid which project beyond the core are in this case also 
used for the purpose of screwing the top and bottom cores 
together before casting. 

The cores, when made, are dried, blacked, jointed (Fig. 87). 
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and laid in the mould, as indicated by the dotted lines in Figs. 
88, 89. There will then be open spaces, a, between each double 
core, which must be filled up to form that portion of the rim 
not already formed by the sweeped ends of the arm cores. 
These intervals may be filled up either by distinct cores, in- 
volving a box, or by a sweep, against whidi the moulder will 
ram green sand, similar to the one used for mending up the 
outer sand, but out in the opposite way, viz. hollow, and of 
the same radius as that of the inner part of the rim. 

Then there remains the top of the moxild. This is struck by 
a board, and generally in loam — sometimes, however, in gre^^n 
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sand, viz. ordinary moulding sand. If in loam, it is struck 
on a circular cast-iron plate, roughened over as usual to hold 
the loam ; if in green sand, a top-part box will be used. If 
the cores are deeper than the rim, as in Fi^. 83, 89, the 
board will be shouldered as in the bottom. This completes the 
wheel as far as the pattern-maker's work is concerned. 
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But in wheels running at high speeds, and espedallj in 
wheels badly proportioned^ people have learned to distrust 
cast-iron, and though the massive rim is retained, it is in 
many cases considered preferable to make the arms of wrought- 
iron. In wheels made entirely of cast-iron the disproportion 
often existing between the heavy rim and the comparatively 
slight arms sets up initial strains within the casting^ at the time 
of cooling, which become a perpetual source of insecurity. 
Hence reason and experience have decided against the use of 
such wheels for quick-running and heavy machinery, and in 
favour of those with wrought-iron arms. The strength of 
these wrought-iron arms also must bear a proper relation to 
the momentum of the wheel, else they will twist off dose to the 
boss, as I have seen in more than one instance. 

To make such a wheel, quite a different mode of procedure 
must be adopted from that just described. In the first place 




Fig. 90. 



we shall make tlie rim in another way, though still without a 
complete pattern. We shall have no board, but a sweep of 
exactly the same section as the wheel rim, and a foot or two 
sECTioN> longer (according to the size of the wheel) than 



'''j^iwt': 



the sixth part of its circumference (Fig. 90). 
M/B?^f*^^ Exactly one-sixth part of the inner drcumf er- 
ence of the wheel ( = its radius) will be marked 
^'^' on the inner edge of the sweep, and on the cen- 
tres so marked prints and half bosses for the reception of the 
arms will be fastened (Figs. 90, 91). 

Then the sweep, with its bosses and prints, is rammed up 
in sand level with its top face, and withdrawn. It is then 
carried round exactly one-sixth of its circumference, and 
its right-hand print and boss is dropped into the impres- 
sion just made by its left-hand print and boss. There the 
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sweep is again rammed up, to be again withdrawn and 
removed, imtil the ring, with its six bosses and six prints, is 
completed. The reason why prints are iised is obvions on a 
moment's consideration. The wheel being moulded in seg- 
ments renders it impossible to ram np a top part in place, as 
in the case of a pattern, and, as a consequence, the only pos- 
sible way of making the top half of the boss is by a core. 

This core-box wiU consist of a rectangular frame, having 
one side sweeped to the inner curve of the rim, and a bottom 
board, on which will be fastened the half boss and print 
(Fig. 92, enlarged for distinctness). 
These must be exactly in the centre of 
the box, and of exactly the same shape 
and size as those which are fastened 
on the rectangular print ; otherwise 
there will be overla{>ping of joints in 
the casting. In fact, it is usual to joint ^' *** 

the two boss halves and turn them together ; then, taking 
them apart, use one for the core-box, the other for the pat- 
tern. The print in the boss is of the same diameter as the 
wrought-iron arms, and that part of the arm which enters the 
boss is jagged or notched, in order that the cast-iron may 
embrace it the more securely. 

The mould for the rim having been completed, the arms 
are laid in the prints ready for their reception, the rectangular 
cores are laid over their ends (each in its print), and the 
entire ring is covered with a flat surface of loam or green 
sand. The rim is then cast and allowed to cool. When cool, 
but not quite eoldy the boss will be cast on the opposite or 
central ends of the arms, which also will be jaggecl to pre- 
vent possible loosening. 

The reason why the boss is cast on after the ring has cooled 
is that the contraction of the ring in cooling is so largely in 
excess of that of the boss, that the ri^ditv of the latter, 
supposing it were cast at the same time with tne rinff, by pre- 
venting the arms from coming inwards, would infallibly either 
bend the arms or fracture the rim. Hence the boss is always 
cast when the rim has nearly, but not quite, done contracting, 
there being, of course, a slight amount of shrinkage on the 
boss. 

A complete pattern boss is wanted, jointed in the centre of 
the arm bosses in a direction parallel with the plane of the 
wheel. The boss mould also is made in halves, and usually 
dried. 
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CHAPTEE XV. 
STRAP PULLEYS— METAL PATTERK8. 

Oundng of Pulley Amifl. — Necessity of due Proportioning of Parta.^ 
Rim.— Anns. — Boss. — ^Wood Patterns. — Iron Patterns: (I.) Made 
by Board and Core-box ; (IL) By Sweep and Ann; (Til.) By Ring 
and Set of Arms— Split Pulleys*— Metal Patterns.— Why used.— 
Their Preparation.— Range of their Utility. 

The arms of pulleys, or of riggers (Fig. 93) as they are 
sometimes called, are usually curved, except in the case of 
those of very small diameter. This curving is considered 
essential in these light castings, lest the shrinkage of the boss, 
which remains hot longest after casting, should tear the too 
rigid arms asunder, either in the mould or at some subsequent 
period. Straight arms would be unyielding, while curved 
ones are somewhat analogous in character to a bent spring. 
For the same reason also the greatest care is necessary in 
properly proportioning the metal in the different parts — ^the 
boss, arms, and rim. To reduce the metal in the boss is the 
great essential. A heavy boss will infallibly break either the 
arm or the rim. If the rim is very rigid the arm will break, 
while if the arm be too strong the rim will break. In either 
case the mischief is due to the internal tension or stress set up 
through the contraction of the boss continuing after the rim 
and arms have cooled down and set. Hence, let the pulley be 
so proportioned that the boss shall contract very little after 
the other parts have cooled — so littie that the moulder can 
counteract that small excess by opening the mould around it 
and allowing it to cool while the rim and arms still remain 
covered. Make the boss as light as possible consistently 
with safe working, and give the necessary strength for keying 
by adding a keyway boss (Fig. 93, a). 

In proj^ortioning pulleys, let the rim be from iV inch thick 
in small riggers to i mch or iV inch in large ones, when turned. 
For pulleys running at a high speed give ^ inch or -A- inch 
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rounding per foot width of surface ; for those running at slow 
speeds, say, f inch of rounding per foot This rounding must 
be omittea in the pattern, except where it happens to be parted 
in the centre, care bein^ taken, however, to allow sufficient 
thickness of rim to permit of the casting being turned to this 
extent in the machine shop. 




SECTION 



INT 



Flff.08. 



For the curves of the pulley arms set rules could be given ; 
but for my part I prefer simply to line out roughly with a 
pencil an arm which has a graceful appearance, and then 
adapt radii to it. In giving ,to the arms their cross sections a 
trained eye is almost or quite as safe as rules ; but in the ab- 
sence of experience the following rule gives correct results for 
ptdleys doiug ordinary work : — 

^ '^■"n X 8 
where h = breadth of arm at point. 

d = diam. of pullej in mches. 
w = breadth of rim in inches, 
ft = number of arms. 
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Thus a pulley 4 feet in diameter by 9 inches wide, having 
six arms, would have an arm 2 inches wide at the point. 
Near the boss the arm should be one-third wider than it is at 
the rim. Its section should be elliptical, and its thickness equal 
to half its width. If made thinner, the strength must be nutde 
up by cross ribs running down its centre (Fig 94). 

The thickness of metal around the hole or ejre is variable, 
depending upon the size of the shaft and the diameter of the 

rigger. A rigger on a small shaft 
will require less metal than the 
same rigger on a large shaft, be- 
cause the torsional strain is less in 
the former case than in the latter. 
A l£a*ge rigger will require more 
metal than a small one, because 
both torsional and centrifugal 
force will be greater in the case of 
the large than of the small one. 
pj "^ Tip to 2 inches or 3 inches in bore 

^ the boss is generally made twice 

the diameter of the shaft ; over 2 inches or 3 inches a less 
ratio obtains. Practical men usually judge by the eye in 
proportioning a boss. A formula which gives a good boss 
18 this: — 

D + rf + 6 = < 
Where D = diam. of pulley in feet, 
d = diam. of shaft in inches, 
i = thickness in metal in boss in e%gMh9 of an inch. 
The leneth of boss may be two-thirds the breadth of pulley, 
except in the case of fast-and- loose pulleys, where they should 
be a trifle longer than the breadth of rim, i inch or there- 
about. The keyway boss should be as ihiok as the depth of 
keyway, and embrace one-sixth of the circumference of the 
main boss. 

Small strap pulleys are sometimes made from a complete 
pattern of hard wood, in which the rim is built up in segments, 
and the arms let in when the bmldin^-up process has reached 
to the centre. Owing, however, to me extreme lightness of 
these pulleys, wooden patterns are too flimsy and fragile for 
those of larger diameter or those intended for repeated use. 
Hence in usual practice we discard wooden patterns, and 
resort to as many as three other different methods of making 
pulley castings. The first and least commendable method is 
that described in connection with the flywheel with cast-iron 
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arms in the previous chapter, viz. that in which a board and 
core-box is used. Except for a makeshift and temporary job 
this is not to be recommended, not even for large pulleys, much 
less for those of moderate size. An iron pattern is far prefer- 
able, and is essential where there is a repetition of castings. 

The iron pattern itself will be made either from a rough 
wooden patt^, just strong enough to hold together for the one 
moulding, or from a previously existing casting, or it may be 
struck up. If deep, it ought to be jointed in the centre of 
the arms, to afford better facilities for moulding (Fig. 93, 
section). An iron pattern in halves can be made very readily 
thus : a sweep, half the total depth of the rim, can be worked 
round to form the ring, and a single arm and boss, jointed 
down its centre, can be rammed up six successive times to 
form the six arms of the pulley. Two separate halves can 
be made in this manner, and be jointed afterwards to form 
a complete pattern. A pattern thus made must be dowelled, 
tumeo, ana filed in the fitting-shop, and then varnished or 
beeswaxed, warm, before it is ready for the foundry. This is 
somewhat costly, but the first expense over it is, accidents ex- 
oepted, imperishable, and free from the defects to which wooden 
patterns are liable, as warping, shrinking, and such like. 

A third method is to have an iron pattern still, but in a 
modified fashion. There will be an iron ring (Fig. 95) repre- 




senting the pulley rim, turned inside and outside, but wide 
enough to embrace the widest pulley that may reasonably be 
expected to occur — say 12 inches to 15 inches. This will be 
made from a sweep in the first place. Also a complete set of 
arms distinct from the rim, with a hole in their centre for 
the reception of separate bosses of any required diameter 
(Fiff. 96). The advantage of this latter method is that 
pulleys may be made off such a pattern of different widths, 
and with bosses varying in size to suit different-sized shafts. 
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These, of course, are expensive, but are everlasting, and 
extremely convenient for making pulleys of variable widths 
and bores. The inconvenience caused by the absence of a 
joint is got over by the moulder thus : He does not ram up 
the top box over the rim and aims, as in an ordinary pattern; 




Fig. 98. 

but using the rim and arms as a eore-hox^ makes and lifts away 
two cores, top and bottom, to be replaced after the outside of 

the rim is rammed up. The 
necessary depth of rim is 
given by a strickle working 
down from the top edge of 
the rim. 

Pulleys are often split for 
the same reasons that cog- 
wheels are split, when they 
are to occupy some interme- 
diate portion of a shaft (Fig. 
97). The same process is 
Pi- 97 adopted as in cogwheels 

(Chapter VH., p. 57), blocks 
and prints and splitting plate pattern being required. The 
curving of the arms gives a rather unsightly appearance to 
the lugs on the boss, but it cannot be avoided, and is a 
matter of no real consequence. 

Metal Patterns. — ^A few remarks on these, suggested by 
the subject now discussed, may fitly close this section. Patterns 
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aro very often made of metal. They are so made when, from the 
flimsy oharaoter of the work, a wood pattern would get out of 
shape or become broken to pieces, or wnere the number of cast- 
ings required is so great that a wooden pattern would not last 
long enough to mould the total quantity. In the former cate- 
gory may be classed all kinds of light and ornamental work ; 
m tibe latter, almost anything of moderate weight. 

If we make a pattern of wood from which to mould a metal 
pattern, we do not bestow anything like that amount of labour 
upon it which we should devote to one for standard use. We 
shouldneither build it up with a view to strength and durabilily, 
nor should we finish it so neatly. It will be made so that it 
might be moulded once, after which it is useless. But we bestow 
all our care on the metal pattern. We should turn it where 
circular, and plane, or file, or grind portions which could not 
be turned. If made of brass, nothing further is requisite ; 
but if of iron it must be coated with some preservatiye against 
rust. Warm the metal and rub it over with a rag dipped in 
melted beeswax. This forms a glosi^ skin, and allows the 
metal to leave the sand readily; or varnishing with shellac 
varnish also answers very well. But to insure the adhe- 
rence of the varnish on bright work it is necessary to rust 
the metal first Wet it with a solution of salammoniac, allow 
it to dry, then glasspaper and varnish. 

In making a wood pattern for a metal one douhU contrac- 
tion must be allowed, since there will be the contraction of 
the metal pattern itself besides that of the casting to be 
allowed for. 

The use of metal for patterns is not, however, restricted to 
iron and brass. Sometimes we want a curved casting, and 
various reasons would concur to render the working of wood 
patterns unadvisable — the attendant expense, the weakness of 
cross grain, the difficulty of marking out, and such like. Then 
we make a straight wooden pattern, cast it in lead, and bend 
it to shape afterwards. From this a more rigid iron pattern 
can be made if required. 

Lastly, wood patterns will often have metal parts. Thus 
the beiuring faces for the shoulders of brasses when skewered 
on are usually made in metal, since in wood they would become 
broken in consequence of their fragility. The letters for name- 
plates also are cast in metal and fastened to a wood plate, and 
we shall find as we go along many cases in which the pat- 
tern-maker resorts to the use of metal as being preferable to 
that of wood. 
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Fies. 97a and 97b illustrate the casting of a common road 
wheel with strutted arms of wrought-iron cast in rim and 




Fig. 976. 



boss, as used for various kinds of stationary enp^es 
mounted on carriages for convenience of transit. Such wheels 
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Fig. \)7c. 
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are light, strong, and elastic, and although the work for a 
single wheel would be rather costly, they are not expensive 
when the pattern- work is once done, and the castings made 
in quantiiy for stock and standard types of engines. I will 
go through the pattern and core-box work involved. 




--jr 
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Section x— x. 
Fig. 97d. 



Such a wheel can be made with, or without, a complete 
pattern, dependent on size and on number required off. We 
will take the case of a complete pattern. 

Fig. 97tf shows the pattern in plan, and cross-section. 
The rim a is built up with rows of segments, the number 
of rows dependinjz: on the depth of the rim — in this case 
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tho rim is Si inches deep, and there are five courses of seg- 
ments. The bosses, b, are fixed at the same bevel as the 
arms. They are turned entire, and recessed to fit over the 
internal rib at their proper angles, as shown in cross-section 
BinFig. 97tf. 

All uns is simple enough; but the reason why I have 
selected this wheel as an example of pattern-work is because 
of the mel^od of formation of the central boss and the 
strutting of the spokes or arms. If the boss were straight 
instead of being recessed, as in Fig. 97i, a a, it would be 
practicable, though a little troublesome, to insert the actual 
pattern boss itseU in the centre of the wheel pattern, con- 
nected therewith by means of the prints o in Fig. 97^ for 
the spokes. Then sloping zigzag joints would be made by 
the moulder, reaching from arm to arm, and the boss would 
deliver half in the top and half in the bottom part of the 
mould. But the recessed shape of the boss at a a in Fig. 97b 
precludes the possibility of doing this ; hence we form the 
whole of the boss with cores — a method both neat and accu- 
rate. The diameter of the cores is of little importance so 
long as there is sufficient length of prints available for the 
arms to lay in. Eig. 97^ shows a suitable proportion of 
print D. Note that its top and bottom faces coincide not with 
the top and bottom faces of the boss, but with the faces of 
the pnnts for carrying the central core or the central chill, 
if the wheek are to be chilled. The distance e in Fig. 97o 
coincides with the distance b in Fig* 973, and the remaining 
thicknesses, e e, are print thicknesses. This is to facilitate 
the pouring of the boss. Observe, too, that there is ample 
taper given to the outside of the print, in order to prevent 
pulling down of the mould or crushing by the core. The print 
IS built up in segments as shown. It is made in two portions, 
jointed along me plane y y, and then screwed together 
permanently. 

The holes for the spoke prints, c, are bored at the required 
angle with a centre-bit in the bosses, b, around the rim. In 
the central boss, d, they are cut with a gouge or else bored 
with a bit But in either case it is necessary to make tempo- 
rary screwed joints in the planes h h — that is, the joints of the 
segments there will not be glued imtil after the arm prints are 
put into place. They are inserted and glued with the joints 
separated, and then the joints are glued, and the whole boss 
is a solid structure inclosing the arm prints at their proper 
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anglee. All other details of construction, arrangement of 
grain, &c., are clearly shown by the shading. 

There are three core-boxes, shown in Figs. 97d — 97/. Fig. 
97d is for the bottom core. Fig. 97^ for the top core, and 
Fig. 97/ for the two middle cores, the last two being jointed 
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Section x— x. 
Fig. 97c. 

face to face along the middle plane of the boss. It will be 
noted that in each case the core-box consists of a bottom 
board. A, dished to correspond with the amount of strutting 
given to the spokes, and carrying as much of the central boss 
as belongs to the core, and half-prints, a, for the arms. Also 
that the bottom board carries a ring, b, the internal diameter 
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and sectional shape of which correspond with the external 
diameter and sectional shape of the corresponding portion of 
the print into which the core has to fit. A comparison of 
Pigs. 97^—97/ with Fig. 97c, will render these correspondences 
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SMition X— X. 
Fig. 97/. 

dear. The rings in Figs. 97d and 97e are dowelled to the 
bottom board, and jointed across the diameter, in order to 
permit the boss to be drawn away from the cores without any 
risk of breaking down, which would happen if the rings were 
undivided. In Fig. 97/, however, the rim is so shallow that it 
is fastened to die bottom board. 
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CHAPTER XVI. 

MISCELLANEOUS ENGINE WORK. 

Ecoentrio Sheaves, — Straps^^^lide- valves. — Guides. — Cro88-liead&. 

Beyond the cylinder pattern, the pattern of its bed, and the 
flywheel, there is nothing in engine work difficult or intricate 
from the pattern-maker's point of view. Hence we shall run 
rapidly through the only items that call for remark in con- 
nection with an ordinary engine, comprising them in the 
compass of a single chapter. 

Double eccentric sheaves, forward and backward, are oast 
together. The pattern itself consists simply of two plain discs 
do welled together, the grooves being turned out in the casting. 
But the dowelling togemer of the discs requires care. Proceed 
thus :— Say we have an engine with i-inch lap, iV-lead, and 
2^inches throw of sheave. Strike a circle 2^ inches dia- 
meter on tiie centre of the crank shaft, and draw a line 
through its centre (Fig. 98). At a distance away from this 
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line IS i^j- = lap and lead, and parallel with it draw anoHiet 
line. The two points where this second line cuts the 2^inoh 
circle will be the centres of the two sheaves, forward and back- 
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ward respectively. Strike the circles representing their dia- 
meters ; lay one disc upon the drawing on its proper circle, 
and dowel the other upon it perpen<ucnlarly over its circle, 
adjusting it with set square. Jrut the print for the shaft-hole 
on the pattern for one pair of sheaves first, say the right hand. 
Cast one off, then remove the print to the other centro for the 
left-hand pair. 

As small eccentric straps (Fig. 99) are usually made in 
gunmetal, the grooves in many instances are cut out in the 
pattern. The neatest way to get out the inside of the strap 
with its ^ooves is to turn it ; but as an allowance for facing 
is given m the joint, which makes the pattern iV inch more 
than a half circle, the straps are turned a half at a time, a 
false block being screwed on the face plate to complete the 
circle — its face standing iV inch back nom the centre line- 
while the two half straps are beinjO^ turned in succession. 
The outside portion, with its lugs K>r bolting together, is 
worked by hand, away from the lathe. The lug or facing 
for eccentno-rod, and the oil-cup boss (not shown) are put 
on separately. Straps are moulded at pleasure either on 
their sides or edges, the latter giving, as a rule, the cleanest 
metaL 

Slide-valves of the D-shaped type are those most commonly 
used. Ordinaiy valves are too simple to cause any trouble 
to the pattern-maker, accuracy being the important condition. 
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Fig. 101. 



Ihe usual D-shaped valve, as the type of the dass, is the only 
one therefore that calls for special notice. A glance at the 
sketdi (Fig. 100) will indicate the way in which it is made. 
Ihe block (Ei^. 100, a^ forming the inner portion of the valve 
is planed to width, and marked out and worked through with 
gouge and chisel. The sides, b, b, are also worked to shape 
and then fastened to the block. The piece, o, for the reception 
of the valve-rod head is fastened in place, and a print for the 
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nut core bradded on. An allowance of i inch is made on the 
face D for planing, and the same at ends, £, e, for accurate cut- 
off : a similar allowance also at sides, f, f, for close fitting into 
the steam-chest. 

A D-valve, like Fig. 101, is made in a similar way, except 
that, after the D shape is worked, a half-round piece, a, is 
glued within, and when dry the recess, 3, for the valve-rod is 
worked on the outside, the pieces, Cy <?, being fitted and glued 
round the curve to form the fiat edges and ends of the 
groove. 

A valve, like Fig. 102, is made in three pieces, aa in the 
first instance, or cut out of a solid piece of stuff ; but the out- 
side, instead of being worked half-round, is 
partly turned and partly dressed off by hand. 
Allowance for turning is made also where the 
eye of the valve-rod slips over. 
Figs. 102fl — 102^, illustrate the casting of a 
End View double-portcd slide valve. Here j j are the 

outer steam ports, communicating with the 
exhaust arch k ; l l are the inner steam ports, 
opening on the sides of the valve. In Figs. 
102^ — 102d, u is the hole for the valve rod, 
made of elliptic form, to allow of free fitting 
as the valve face wears down ; n n are the 
guide blocks, which slide against the steam- 
Fig. 102. chest covers. The design and construction of 
this type of valve is so well known and so 
clear from the figures, that we may at once proceed to the 
description of the pattern work. 

The pattern itself is shown in Fig. 1 02/ Here a is the body, 
B the fiange, c the prints for the inner and outer steam ports, 
D the print for the exhaust arch, and e the prints for the oval 
hole lor the valve rod. The pattern moulds with face b 
downwards to ensure sound metal there, and the prints e, are 
skewered loosely on. The skewering on of these requires that 
a joint be made in the mould along the line f f ; but there is 
an advantage as regards the placing the cores in the mould 
in this method, otherwise the prints e would have been of the 
pocket form. 

There are three core-boxes wanted for this valve, one (Fig. 
102^) for the outer steam ports j, and the exhaust arch k, in 
Figs. 102a— 102(?; another box (Fig. 102A) for the inner steam 
ports L, in Figs. 102rt— 102^ ; and the third (Fig. 102i) for cor- 
ing out the hole m for the valve rod, in Figs. 102a — 102r. 
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Fig. 102c. SecUonXX. Fig. 102rf. End View. Fig. 102e. Half Sep. CD. 
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Fig. 102/. End View. 



Fig 102/. Plan of Face. 





Fig. 102/. Side View. 



Fig. 102^. End View. 




Fig. 102A. See. X X. Fig. 102i. 



Fig. 102^. See. XX. 







Fig. 10S<. End View. 




Fig. 102A. 
Plan. 



FJg. 102*. Plan of Face. 
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In Fig. 102^, the distance a corresponds with the distance 
o in Fig. 102 J, pins the print thickness o in Fig. 102/; and 
the length b in Fig. 102^ corresponds with the length p in 
Fig. 102^; and the distance o in Fig. 102^, with the distance 
Q m Fig. 1023. The width of the piece d in Fig. 102 J is 
equal to the width r in Fi^. 102^, and, of course, forms the 
metal around the cored hole h for the yalve rod. In this box 
everything delivers except the pieces d, which form the 
extensions ats, in Fig. 1023, and these are therefore skewered 
on. The other portions are fastened to the outsides, and 
draw directly wim them. 

The box (Fig. I02h) which forms the inner ports l (Figs. 
102a — 102^) extends in its length A to the width t in Fig. 102^, 
cutting through the valve sides to ffive inlet to the steam from 
the steam chest. The depth b of this box extends to the 
depth u in Fist, 102S, plus the print thickness o in Fig. 102/; 
and the width of the portion o in the box is equal to ti^e 
width v in Fig. 1023. The edge d of the bridge piece b in 
Fig. 102A corresponds with the edge w in Fig. 1023, and its 
width E with the width b in Fig. 102^. It will be observed 
that there is noprovision in this box for the formation of the 
curves seen in Ing. 1023. As is often thA case, these are left 
to be rubbed off Sie core after it is dried. 

The section of the box (Fig, 102») for the formation of the 
valve-rod hole h is a plain eUipse, and its length is equal to 
the lengih y in Fig. 102/ and it is jointed and doweUed lon- 
gitudinally. 

An example of a main-slide valve — ^that is, one in which 
expansive working is provided for by means of a out-off valve 
sliding on its back face— is shown in Figs. 102^ — I02o, and 
the pattern work in the figures following. 

In Figs. 102^ — 102o, A a are the steam passages passing 
through the valve from the back b to the face o ; h is the 
exhaust arch, j the lightening recess, k the hole for the valve 
rod, L facing guide strips, sliding against similar strips within 
the steam daest. 

The pattern. Fig. I02p, is a plain rectangular block, with 
facing strips A b, upon the sides, the lower ones b, being 
skewered on. There are prints b b in this case, of the pocket 
form for the valve-rod hole ; and also prints o d both at top 
and bottom, for the steam-passage cores. Prints are put 
upon the top, as well as upon the bottom, because the exact 
position of the ports is of great importance; and in the 
absence of the top prints the cores would be liable to tip out 
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Fig. lOSft. Section EE. 



Fig. 102o. Section C D. 




Fig.l<»iii. Section A B. 




Fij.l02/». Side View. 





Fig. 102p. Plan. 



Pig. 102p. End View 





Pig. 103^. End View. 



Fig. 1029. Section X X. 
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of truth, one way or the other. Prints are not as a rule used 
in the top of a mould if they can be avoided, because there is 
always a risk of the sand in the top becoming more or less 
crushed thereby. There are prints £ for the lightening recess, 
and F for the exhaust arch. 

Fig. 102$^ is the steam-passage core box. Its width A 
equalB the width k in Fig. 102n, plus the thickness of the 
prints c D in Fig. 102p. The block b, which is slid through 
holes cut in the sides of the box, forms the metal around the 
hole for the valve rod, and corresponds in size and section 
with the portion marked m in Fig. 102w. When the core is 





Fig. 102r. Section X X. 



Fig. 102r. Plan. 





Fig. 102«. End View. 



Fig. 102«. Joint Faoe X 'SL 



made the block is drawn out endways, the sides c c unscrewed, 
and taken away from the core. 

The box (Fig. 102r) forms the arch of the valve, and the 
block A forms that portion of the metal seen at l in Figs. 
102n and 102o. The chipping strips for the cut-off edges are 
necessarily skewered on. 

The box (Fig. 102«) cores out the recess j in the back of 
the valve (Figs. 102n, 102o), and has its block also, to form 
the necessary metal around the valve-rod hole. 

The box for the valve-rod hole, of elliptic form, is similar 
to that shown in Fig. 102«. 

An ordinary steam-chest calls for no special remark, and of 
a double-flanged one it is sufficient to note that the bottom 
flange must oe left loose from the body. Patterns also for 
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plain, flat guide-bars are made just like their castings, so we 
say nothing about them. Instead, however, of the old guide- 
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Fig. 106. 



bars, circular guides, bored to receive a circular cross-head, 
are coming into common use. They are cast in a piece with 
the cylinder cover, have a massive appearance, require little 
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fitting, and OTving to the large extent of surface over which 
the fnction of the cross-head is distributed, wear for a very 
long time. 

The pattern is made in halyee, jointed longitudinally (Fig. 
103), and has a print at each end. The open parts of the 
guide (Fig. 103, o o) are cut on the pattern as far inward as 
Uie diameter which corresponds with the body core of the 
guide (Fig. 103), section, rf, d. 

For the core, a box is necessaiy, owing to the existence of 
the facings, e, 0, for the cross-head, which will not allow of its 
being struct up. The box is dowelled in halves, and worked 
with templets. Fig. 104 shows one half, looking into it from 
theioint. 

The cross-head, or head of the piston-rod, is of the shape 
indicated in Fi^. 105, when flat guides are used, and like 
Fig. 106 when it works in a drcimir guide. In the former 
case the pattern would be jointed and cut out to the shape of 
the casting, the holes, if large, being oored, with a parallel 
print bridging oyer between the sides. In the latter form 
(Fig. 106) the inside is taken out with a core, the pattern 
moulding either on its side or on its end, and requiring no 
joint. £1 either case the oore-box will be jointed longitu- 
dinally, and the holes, a, a, will be cut out in top and bottom 
boards dowelled on the box body, which boards will also carry 
the top and bottom facing bosses, b, h. 

Cranks, brasses, pistons and their rings, slipper blocks, 
govemor castings, except when there is something special in 
their construction, are too simple to need description from the 
pattern-maker's point of view ; so with this chapter we dose 
our remarks on engine work and pass to other subjects. 
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CHAPTER XVII. 

SHEAVE-WHEELS. 

Kodifled ProriiioDB for the Reception of the Chain. — Patterns. — Mode of 
Jointing. — Built-np PattemB.— Templets. — Sheave-wheels with Cast 
Arms. — ^With Wronght-iron Arms.— C(»e-box for Bim-cores.— Cen- 
tral Boss. — Sheave- wheels made entirely with Cores.— -Their Boxes. 
— Recessed Chain-wheels. — ^Rope-wheels.— "Wave-wheels. — Projection 
of the ** Wave." — Sprocket-wheels.— Wrought and Cast Fingers. 

A 8HBAYB-WHEEL IB B, wheel with a rim grooved or hollowed 
out for the reception of a chain or rope. We take the chain- 
wheels first in order. 

In a plain sheaye the chain lies in its groove in the direc- 
tion shown in Eig. 107. But a chain when in motion is always 
apt to twist, and when, as in hoisting machinery, a heavy load 
is directly dependent ^m it, a sudden return to its normal 
position win be accompanied by a jerk, and, as a consequence, 
a considerable extra strain will be put upon it at once. Hence 
it is customary where Ihe wheel is immediately over the load 
dependent from the chain, and not merely acting as a carrier 
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Fig. 106. 



or support, to use, instead of a smooth sheave, one grooved 
out, so that the chain links may lie successively parallel with, 
and at right-angles to, its axis (Fig. 108). Fiuiher, in ihe 
differential pulley-block, and in all cases where the wheel has 
to draw the chain along, the friction of the simple groove 
would not be sufficient to overcome the resistance of the 
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load, and then the wheel is recessed at jegular intervals to 
receive the alternating flat links (Fig. 
109). 
—jomt These wheels, if small, will have 
plated centres (Fig. 110); if mode- 
Fig. no. rately lar^e, cast-iron arms with 
transverse ribs (Fig. Ill) ; if very large, wrought-iron arms, 
which will be usuafiy strutted (Fig. 112). 
If a whole pattern — that is, one not cored out round the 
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rim — ^be made for a sheave-wheel, it must be Jointed in the 
centre, because the groove for the chain will have to be 
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Fig. 112. 



lifted away as a middle ring of sand. Whether it be a 
wheel with arms, or one soHd plated, the joint may be made 
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either through the exact centre of the arms or of the plate 
(Fig. 110), or along their upper faces (Fig. Ill), the ring 
alone in the upper portion being left loose. When, however, 
the rim is cored out, both rim and arms (or ]^late) and circular 
print are all made fast together (Fiff. 112, side a). 

Sheave-wheels are used generaUy as standard patterns, 
therefore it is well to take especial care in their construction. 
Glue them up in courses of segments, using thin stuff — say 
|-inch or f-inch — and good glue. Also peg each course with 
small pegs. Never mind about the pegs coming through 
here and there. If the wheel is plated, have at least two 
courses of segments in the plate, unless it be small — say less 
than a foot in diameter, in which case a piece of very dry 
solid stuff will do. 

The wheel, when glued up, must be turned with templets 

made from the sectional <Lnawing. Fig. 

lis shows the half -pattern in section, and 
the method of cutting the templets for its 
inner and outer portions respectively. The 
centre hole for the studs of the bosses 
will serve for rechucking the pattern when 
one face has been turned. We prefer 
having a central stud hole for the recep- 
tion of separate bosses, to making the 
bosses an integral part of the pattern, 
because we can then use the puUey for 
different sized shafts by simply making 
fresh bosses of the required diameters. 

But if instead of a wheel with a plated centre we have one 
with arms, we shall make those arms as for a spur-wheel 
(Chapter ill., p. 25), by locking them together and letting 
them into the rim TFig. Ill, A, a), there gluing and bradding 
them. Similarly oosses and cross-ribs (b, b, b, b), having 
a slight amount of taper, will be fastened to tiiese flat aims. 
Hollows may be put in or omitted at discretion. 

Next take a large pulley with wrought-iron arms (Fig. 
112). In some cases it will be advisable to use a complete 
pattern on account of the number of castings demanded. 
The ring could then be made in the usual way by building 
up in two halves and jointing (Fig. 112, side marked b). 
The bosses and their prints (o) on the inside of the ring would 
be jointed also. This will answer very well where the wheel 
is of stout proportions. But if it were light in section, such 
a pattern would not bear foundry usage very long, and an iron 
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pattern would be advisable. But another method would be 
to build up a solid ring with a broad print (Fig. 112, side 
marked a), and to take out the ^^roove with segmental cores 
— say ten or a dozen to the arde (Fig. 114, a). The 
adyantafi^ here would be that without makmg an iron pattern 
we should still have a rigid rim, not liable to become rammed 
out of truth — a matter of importance in a wheel of any kind. 
And further, although there is the additional expense involved 
in the making of the cores, we also save as a set-off against 
this the trouble of the middle-part box, since, instead of the 
joint on top and bottom, we want one joint only at the top face 
of the print. 

The core-box will be made thus : — ^Two sides will be pre- 
pared (Fig. 1 14, B, b). Their outer edges (o, o) will be worked 
to the same radius as the outer edge of the print o, in Fig. 
112. Their inner edges — straight — ^will extend about a couple 





Tig 114. 

of inches below the line which represents the bottom of the 
wheel groove. In these sides cut grooves (d, d) t inch deep, 
radial from the centre of the wheel, and at a oistance apart 
equal to the intended len^^ of the segment of core ; a sixth, 
tenth, or twelfth of the circle, as the case may be. Lito these 
grooves drop distance pieces of the width necessary to keep 
me sides at their proper distance apart — that is, equal to the 
thickness of the print Then fit a couple of blocks (e, e) 
between these sides and ends, parted longitudinally down the 
centre of the box and dowelled. Work Sieir edges (p) to the 
same radius as the rim of the wheel, then mark on their ends 
the rim section. Cut out the groove thus marked with tem- 
plet very truly, so that when the cores are made and laid end 
to end they shall correspond neatly, and not show a lapped 
joint in the casting. When worked, replace the pieces in 
position, and screw them one to each side of the box. It only 
remams now to put on the bosses for the arms, and to make 
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the central boss with its prints preoiBely as in the case of a 
flywheel with wrought-iron arms (Chapter XTV*., p. 119). 

When the arms are strutted to give rigidity to the wheel, 
the bosses on the rim have to be bevelled ^temately in oppo- 
site directions, and the prints on the central boss bevelled in 
like manner. These latter, too, in a strutted wheel should be 
pocket prints, and not round ones; for round prints would 
necessitate two joints in the body of the boss, coinciding with 
the centres of the prints, while with jpocket prints the joint on 
the top face of the boss is alone required. 

There is yet a common way of making a large sheave-wheel 
without a pattern at all. A glance at the sketch (Fig. 115), 
will indicate the method to which I allude. The 
light portion is the wheel rim in section — the 
dotted parts indicate two cores, one outer (a), one 
inner (b), forming outside and inside of rim re- 
spectively. It is seen that these cores are jointed 
at B, B. Of course the joint must be a curved 
one, both cores being worked to the same radius. 
The outer edges of the cores (o, o) need not be 
curved at all, because they form no part of the 
wheel. (Hve sufficient sand there, say two or three 
inches in the narrowest part, and some lesser amount, say 1 
inch to 1^ inch, at the sides. 

To make these boxes : — ^First frame sides and ends together 
for each respectively. Their ends must converge to the 
wheel centre, and must either cut through the centre of 
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an arm boss or midway between two bosses. Thus, if the 
wheel have eight arms, there must be either eight or sixteen 
cores. Assuming there are eight cores, we have a hdf-boss 
at each end of me inside box. The boxes must be equal to 
each other in width, which will include the width of flie rim 
and of the two sand joints (b, b. Fig. 115). Then blocks will 
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be fitted between these boxes, as in the last example ; those 
forming the wheel groove will be worked out by templet to the 
shape indicated in Fig. 116, and those forming the inside por- 
tion of the rim will be worked like Fig. 117.* It is not 
necessaiy to fasten either of these blocks m plaoe, for if their 
flat bottom edges are planed while in position level with the 
bottom edges of flieir boxes, they cannot shift when being 
rammed on a level core-bench or bottom board. The half- 
boss fastened on each end of the inner box, together with its 
arm print reaching to the termination of the sand (Fig. 117), 

SECTION 
ON ,C.D. 





Kg. IIT. 



will complete the pattern-maker's part of the business. The 
moulder simply g^ded by a line struck on a level sand bed, 
lays a ring of inner cores in place, brings the outer cores to 
abut against these by the circular joints thrusts the wrought- 
iron arms through their prints into the bosses, rams sand 
around the outside and the inside of the cores, and then casts 
the ring. When nearly cool the boss is cast around the oppo- 
site ends of the arms, as in the flywheel alluded to in Chapter 
XIV. p. 119. . 

A sheave-wheel recessed for alternate links of a chain can 
be made by pattern or core-box. It requires almost as much 
eare in pitching out as a spur-wheel, because if there is a 
slight initial error in the pitch, that error increases with each 
successive link. Thus, when we commence to lay the chain 
in, suppose we find the recesses are ^ inch too far apart, the 
error will not remain at ^ inch all the way round the ring, 
but will be \ inch in the third recess, A inch in the fourth, 
\ inch in the fifth, and so on, so that by the time we had got 
half-way round a large wheel no reasonable amount of dear- 

* Fig^. 117 is drawn to show the position of the core relatiyel^ to Fig 
lis, tbe box, of conrae, being tamed the other way up for ramming. 
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anee between the links and their recesses would present the 
chain irom riding out of place. In pattern wheels we can 
always insure accuracy by roughing out the recesses on a 
slightly larger diameter than we deem necessary ; and then, 
tiying the chain in, mtdually reduce the wheel until it 
fits neatly all round. But when a wheel is made with cores 
we have not this chance, and then we must take especial 
care in getting the exact pitch of the links first of all, and in 
transferrinff mat pitch to the drawing from which the core- 
box is to be made. Hence we must measure ol! tlie total 
length of a definite number of links, and divide that total 
length by the number of links measured ; this average will be 
the pitch of the chain, which we forthwith transfer to our 
drawing-board. Working thus we shall not find our wheel 
at fault after it is cast Some clearance is allowed sideways 
and endways for the links, say i inch all round, and the re* 
cesses are worked out of the solid with gouge and chisel, in 
pattern and core-box alike. 

In all other respects the directions we have given for the 
making of plain sheave-wheels will apply to these as welL 

A common rojpe- wheel is similar to a plain sheave-wheel, 
with the exception that its inner sides are inclined at a some- 
what acute angle in order to bite the rope in the bottom of the 
groove. This object is sometimes also assisted by little semi- 
oiroular bits, or nibs, pitched at regular intervals, and stand- 
ing a little above the groove. Be the rope- wheels lai^ or 
snmll, the same methods of making the patterns wul be 
adopted as in the previous examples. 

But there is a modification of this form which is sometimes 
used, and which is somewhat puzzling at first sight — ^I mean 
ihe wave-wheel form. It is a rope- wheel, in which the rim, 
instead of continuing in one circular plane, as in ordinary 
wheelB, is bent or waved in serpentine fashion,. the object 
being, of course, to increase the motion of the rope and thus 
prevent it dipping. 

This is a device which is seldom adopted in small whoel<9, 
and therefore it is so seldom necessary that a complete patteru 
should be made thus that we shall ouly consider it as applying 
to a wheel made entirely with cores. The remarks we previ- 
ously made as to the method of procedure to be adopted in the 
preparation of the core-boxes will be applicable here until we 
arrive at the working out of the internal blocks. Then our 
difficulty will be to insure that the metal in the rim shall bo 
of uniform thickness throughout If we go working away 
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at the curves at random, trusting Dnly to the eye for accurate 
results, we shall probably find a yariation of ^ or ^ inch in 
the thicknesses of different portions of the castings. 
So we work in the following way : — ^Draw in elevation a 




segment of tlio wheel, equal in length to the intended length 
of the cores (Fig 118, a, b). Draw also lines on this view 
converging to the wheel centre from the pitch distance of tho 
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wave, viz. at these points where it attains its greatest devia- 
tion from the plane of the wheel, a b, c d. Draw a portion 
of the rim with the intended width of the core-box besides in 
plan (Pig 119), and carry the lines representing the pitch across 
it At these points draw sections of the rim in its extreme 
positions relative to the aides of the boxes (Fig 120). Between 
these extreme deviations of the wave draw other lines at 
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Fig. 190. 

pleasure (not shown on engraving), jprojecting these to the 
plan, and drawing corresponding sections also in relation to 
the sides of the core-boxes. Then making templets to the 
inside and the outside of the rim, all we have to do is to work 
narrow portions of the rim at the distances from the edge 
indicated in the sections, and to shape the intermediate 
portions with gouge and chisel as regularly as possible. If 
this is done carefully there will be no appreciable difference in 
the thickness of different portions of the wheel rim when cast. 

The last form of cham-wheel we shall describe is that 
known as the sprocket wheel (Fig. 121). It is a form which 
is in very general use for the transference of motive power 
by means of a flat link or *' pitch chain." Like the chain- 
wheels, these require to be pitched out very carefully, else the 
pitch-chain would ride on the projections, or '* sprockets," 
instead of dropping over them. 

These wheels are made in two forms, tho firat like the Fig. 
121, where the sprockets are made of >vrought-iron and cast 
in Uie wheel body; the second like Fig 122, in which the 
brockets are a portion of the casting. In the fornier case 
they are dropped into prints, whose edges are their exact 
counterparts ; in the latter, the pattern and casting are pre- 
dfloly similar. 
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In these castings the links must fit the places prepared for 
their reception so nicely that it is sometimes necessary in a 
large wheel to throw away the first cast and make a slight 
alteration in the pattern, a variation in the anticipated amount 
of contraction bemg sufficient to cause i inch or I inch of error 
in the semicircumference. The wheel might be saved in such 
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u case by filing a lot of clearance in the sprockets ; but such a 
practice is not to be commended. The accuracy of a small 
casting can be depended on. 

After what has been said about the building up of wheels, 
special remark is scarcely necessaiy in reference to these last- 
named. Note, however, that a biult-up plate made in two or 
three thicknesses or segments is better than a single solid 




Fig in. 

piece of stuff in which the sprockets are cut out, because short 
grain and shrinkage are both avoided thereby. On this plate 
me two portions of the rim are built with segments as usual. 

The prints for wrought-iron sprockets should be pocket 
pnnts, to be stopped over after the sprockets are placed in 
the mould. 

In Fi^. 121, A A, are the boss thicknesses around the 
wrought-iron sprockets. 
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COLUMNS AND PIPES. 

iuintinff of Colamns and Pipes. — ^Laggmg up. — Turning.— llie Use ol 
a Steady. — End Flanges. — ^Body fltoigefl. — Socket-pipes. — ^Puttiug 
Holes in Flanges. — Loam-pipes. — ^Fitting Branches. — ^Throat Core- 
bozfls. 

1£axb it a rule to joint all columns and pipes, whether they 
be large or smalL Jointing the pattern prevents the tearing 
away of the upper half of the mould, and the joint forms a 
convenient basis for the marking of centre and parallel lines, 
the setting square of blocks, facings, filanffes, bosses, &c. 
Pipes and columns up to 7 or 8 in^es in aiameter will be 
made of solid stufP; if they exceed those dimensions ther 
should be ''lagged up" (Kg. 68, p. 81). The transverse 
blocks or bars upon wnich the lagging is to be laid maj be 
about 12 inches or 15 inches apart, so that in a long pipe or 
column there may be as many as a dozen of transverse blocks, 
and each bar should have a dowel in the centre. The number 
of pieces of lagging which form the circle will vary with tho 
diameter of the pipe or column. An 8-inch pipe may have 
eight strips to the drde, while a column of 16 inches or 18 
inches diameter may have a dozen. Fit the strips and glue 
successively in the manner described when treating of engine 
cylinders,* the only difference being that a long joint is not 
made to fit dose so readily as a short one, and may require to 
be chalked and tried in place repeatedly before a fit is 
obtained. When built up, secure the two halves of the 
pattern with centre-plates (Fig. 212, p. 206), and put into 
the lathe. If the pipe be long, staple the joint at intervals 
before attempting to turn. Do not turn any one portion to 
finished sizes immediately, but rough the whole pipe down 
from end to end first If other work can be prepared in the 

• Chapter XL, p. 80. 
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interraly it is even better to let it remain thus roughed down 
for a few hours before finishing than to finish at once. The 
reason is, that all timber, whether well seasoned or not, has a 
tendency to spring, and will in most cases buckle more or 
less out of its original shape when newly-cut grain is exposed 
to the air. For this reason a careful workman, when begin- 
ning a lengthy job, always '' gets out " as much stuff as he can 
see his way dear to prepare, and ** jacks" it all over before 
planing or turning any one portion to its finished dimensions. 
If the column or pipe be of small diameter relatively to 
its length, it will vibrate or '* wobble," to use a workman's 
term, in the lathe, so that to turn it true will be impossible. 
Make a steady, ^apod roughly to fit the bed of the lathe 
and to take the diameter of the pipe. The sketch, Fig. 123, 
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Fig. 123. 



shows the best way to make a steady. By means of the 
sliding blocks, a, a, replaceable at pleasure with blocks of any 
other dimensions within the limits of the Vee'd portion of 
the steady, we can make it a standard tool for pipes of 
various dimensions. Wedge-shaped cottars, b, b, passing 
through the shank, will hold it finnly in position on the bed. 
A lubricant must be applied where the pipe runs in the 
steady, else much heat will be developed, and an excessive 
amount of friction be set up. Soft soap, or soft soap mixed 
with blacklead, are good lubricants. 
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It will facilitate the operation of turning if , in a long pipe, 
after having reduced the two ends to the required diameter, 
we plane a straight flat along the pipe from one of the finished 
euQs to the other. We can then see at a glance, when work- 
ing at any portion of the pipe, whether we are nearly or 
quite down to the size, without having recourse to calipers 
and straightedge continually. 

ilanees, round, square, or of other shapes, socketed or 
spigoted ends, belts, mouldings, &c., will be required for pipes 
and columns. If the pipe is to be flanged, the flanges will be 
made distinct from the body of the pattern. A flange will be 
made in halves, dowelled together ; and where it is put on at 
the end of a pipe, the hole must be made of such a size that it 
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jhaH drop into a ^ove somewhat smaller in diameter than 
the print, to keep it steady. If the print at the end of the 
pipe is, say, 4 inches, the groove may be 3^ inches in dia- 
meter (Fig. 124). The stuff should be got out thicker than 
the actual thickness of the flange, to allow of a small radius 
or hollow being turned out at the back. If the casting is to 
be faced, i inch must be added to the 
thickness on the front side of the flange 
on that aocoimt. If the flange is to go 
on some part of the pipe intermediate 
from the ends, it is usual to turn it as 
a "body flange " — ^viz. a flange having 
a hole of the same diameter as the outside of the pipe, Fig. 125. 
The flange can then be slid along and screwed to any desired 
position, and the casting can be ** stopped off "♦ to tiie corre- 
sponding length. In body flanges the hollow on the back is 
usually omitted, being left for the moulder to rub in sand. 

• Chapter XXIII., p. 196. 
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Fig. 126. 
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For socket and spigot pipes, or faucet and spigot, as ihey 
are also called, the pattern may have blocks glued upon it 
just where the socket is required, largo enough to bring it up 
to ihe proper size, and long enough to include the socket 
print, wliich, of course, will be larger than the outside of the 
pipe by the necessary allowance for ''caulking." This 
meUiod of blocking up the pattern with a permanent socket, 
though proper enough for standard work, would be absurd in 
a jobbing shop where pipes of all lengths and of both kinds — 

flange and socket — are made 
from a sin^e 9-feet length of 
pattern. We must have the 
socket, like the body flange, a 
thing quite distinct from the 
pattern, to be screwed on any- 
where or removed at pleasure. 
The most convenient form is an 
iron pattern socket in halves, 
fitting over the body of ihe 
pipe, and cast very thin to 
reduce its weight. A sinc;le 
screw run in from the top holds 
it in position (Fig.126) ; dotted 
lines indicate how the socket is lightened out.* For the spigot 
a bead of lead may be cast, bent roimd, and tacked to the 
pattern, or, if for permanent iise, it may be turned out of the 
solid. 

When round or square holes are cast in flanc^, they should 
be put in by templet; in this case a piece of win wood cut to 
the shape of a half flange and having slot holes cut out, the 
termination of those holes giving size and position of cores. 



Q 
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Fig.126. 





Fig. 127. Fig. 128 

The cores, rubbed to the thickness of flanges, are thrust into 
position by the templet, and the slight friction of their faces 
against the faces of the mould is sufficient to retain them in 
place during the inflow of the metal. Fig. 127 shows a templet 
flange for roimd, Fig. 128, one for square holes. 

* For proportions of tockets and dangeSi see Appendix, p. 320. 



Digitized by VjOOQIC 



OOLT7HN8 AND PIPES. 155 

Pipe patterns from wliicb a large number of castings are 
reqturea are always made in wood or (where the quantity 
is yery large) in iron. Yet we sometimes have pipes of a 
large size to make where the nimiber of castings is not suffi- 
cient to pay for the cost of a pattern. In tiiiat case we make 
a loam pattern. That is a different thing from a loam mould 
In the latter case our boards are made to strike the actual 
mould (Ohap. XII.). In the former, the boards strike up the 
paU&m from which the mould is to be made. The flimges 
will not be struck up, but made in wood, unless, ind^, 
they happen to project but a short distance from the pipe 
body. Mouldings and sockets, however, will be struck as 
part of the loam pattern. The annexed figures (129) will 
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Fig. 120. 

sufficiently illustrate the way iu which a loam pattern and its 
core are struck up, without verbal explanation. We shall 
return to the subject of loam patterns again in connection 
with some more elaborate forms of work. §00 CJiap. XXTEI., 
p. 191. 

Branch pipes, fitted to a main piece of pipe, mieht have 
their ends struck out geometrically ; but we can always, or 
almost always, chalk the main pipe and cut the branch to a fit 
in less time than would be occupied in striking the necessary 
lines. Where branch and pipe, however, are of the same 
diameter, there'is a ready and simple method of insuring a 
fit at once. Having marKed in the joint of the branch the 
line where it is intended to abut the edge of ihe pipe (Fig. 
130), on this, as abase line, construct a triangle, whose sides 
shall be inclined towards it at an angle of 45^ meeting con- 
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sequently and forming the apex at the centre line of the pipe. 

Gut to these lines at right angles with the joint (Fig. 131). 
Where the cut faces intersect the 
circumference of the branch, a curve 
will result, which, if worked to, 
will insure the required fit without 
further trouble (Fig. 132). 

Fig. 133 shows a tee pipe, or tee 
piece, made in the usual way, frith 
a wide throat at the point of junc- 
tion, for the purpose of allowing 
freedom of water way, and diminish- 
ing friction. Here a special core-box 
I (Fig. 134^ is adyisabte, to get the 
throat of the Bhape corresponding 
with the pipe. The core for the 
pipe, being plain and circular, can 
Pigi. 18(^181, 188. ^^ g^jj^^jj^ ^p separatehr, and the 

branch core abutted against it io the mould. These throat 
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Fig. 188. Fig. 184. 

core-boxes are made for various sized pipes, and kept in the 
pattern stores readj for use. 
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CHAPTER XIX. 
MISCELLANEOUS PIPE- WORK. 

Turning Quick Bends in the Lathe. — Working Flat Bends. — ^DoyetaiUng 
Bends. — S"PiP^<~3triking up in Loam. — Guide-line. — Guide-iron, 
^^tricklee. — Sockets. — Pipes of Irregular Shape. 

Common pattern bends of uniform section can be very con- 
veniently turned in the lathe if we want two bends of the 
same size. Jointine four pieces together at angles of 90° and 
screwing them on the faceplate, we can turn the semicircular 
section with a templet in far less time than would be occupied 
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with goufi^e and chisel and spokeshave, and with more accu- 
rate results (Fig. 135). Bemoving the four half patterns 
from the faceplate, we dowel them two and two together, 
forming two bends. 

If the pattern is of a flat curve, as in the common ** eighth '* 
and " quarter " bends of the pipe-makers (Fig. 136), or if it 
is a '' reducing " bend, viz. a bend tapering from a larger to 
a smaller bore, the use of the lathe is out of the question. 
In these cases we joint truly together two pieces of wood large 
enough to take the outline of me bend, each piece being thick 
enough to take half the diameter of the bend. We dowel 
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them together, and on the joint faoe^of one mark the outline 
we require. Cutting to these lines we obtain the longitudinal 
form, and working with gouge, chisel, and spokeahaye, guided 
by a semicircular templet, we get the transverse section. We 
mark the outline of the second half from tiie one just worked, 




and out that in turn with the half templet. Socket, bead, 
and prints are put on afterwards. 

Some workmen have a way of cutting a bend, which, 
though slow, is safe, because there is no nSs, of undercutting, 
as there is sometimes where the roughing down is done reck- 
lessly before a templet can be tried on. It is to work the 
stuff, first of all rectangular in section (Fig. 187), gradually 




Fig. 197. 





Fig. 189. 



into a polygonal form until a nearly circular section is 
attained (Figs. 188, 189). The last remaining angularities 
being taken off with a spokeshave, a practically true circle is 
the result, which will not show wavy lines in the longitudinal 
direction. This is certainly the better method to adopt with a 
reducing bend, in which the diameter is oonstantly yaiying. 

When the pattern is to form ttie elbow of a bend ptpe 
(Fig. 140), it is necessary to attach the straight pieces of pipe 
ea(£ to their proper end of the eurred portion. This we nuul 
effect by means of a double dovetail, which is to be let into 
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each of the portions of pipe which abut against one another 
(Fig. 141). 

I^metimes pipes are made of yery awkward shapes, to 
curre round parts of machinery, buildings, other pipes, &c. 
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Fig. 140. 



Tig. 141. 



There may be two or three different bendings of the pipe not 
all in the same plane, and the flang^es may have their faces at 
angles other than right-angles relatiyely to the axes of the 
pipe. The pipe-makers supply bends and S-pipes of yarious 
shapes, by which the desired shape can often be pieced up ; 
but where space is limited, or where a graceful outline is 
wanted, we make a pattern ; and this opens up the question 
of loam work. In these and many other cases we want but 
one casting, and if the pipe is of large or eyen of but mode- 
rate dimensions, the pattern would cost a great deal more 
than the casting itself. Then the question of wood vertw 
loam becomes one for our consideration. In large castings 
the answer must be in f ayour 
of loam in almost eyery case, 
and in small castings also it 
will usually be cheaper to 
strike up the pattern in loam. 
But in those awkward-shaped 
pipes, such as Fig. 142, where 
the bends are not in the same 
plane, it costs less to knock ri; 
out a rough unjointed pattern \\J 
in wood than to strike it up 'Lj^ 
in the foundry. Yet eyen in 
a case like this, if the casting were large, say oyer 6 inches 
in diameter, loam would be the cheaper. 
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There are a number of " wrinkles" in the striking up of 
pipes in their various forms, so that a lad who had served his 
apprenticeship in a shop where no pipe-work was done would 
be '' all at sea " on getting a start in a jobbing shop where 
pipes formed a part of the trade. So, taking the process up 
at the beginning, I will try to make the matter so clear that a 
pattern-maker who had never seen a plain loam pipe made 
should be able to prepare his work correctly. In pattern- 
making it frequently happens that, though the parts which 
the workman has to prepare for the momder's use are few 
and simple in form, they involve more technical knowledge 
Ihan work of more pretentious appearance. This is especiaUy 




Tig. 148. 

the case in loam work. The parts which the loam moulder 
requires are few and simple, and, like many other thingSi 
they are easily made — when one knows the way. 

Let us commence upon the drawing. Fig. 143 represents 
the board, upon which we have drawn a 6-inch S-pipe in 
longitudinal section. Observe that there is a line <u^wn 
parallel with one side of the pipe, and at a distance of i inch 
away from its edge. This is the " guide-line." We mention 
J inch, not because that dimension is of any importance — it 
might just as well have been i inch or 1 J inch — but the 
better to illustrate our explanation. By this line the f oimdry- 
smith bends a piece of i-inch or J-inch square rod, which 
becomes, as we shall see immediately, the "guide-iron " (Fig. 
144) for the *' strickles." The strickles are the templets used 
for striking the transverse sections of the pipe in loam, and 
they have their edges cut in such a way that each strickle is 
maintained at its own proper distance from the guide-iron 
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liiriag the prooees of striking. Thus, the guide-iron beins 
J inch away from the body, tne body strickle (Fig. 145) will 
be notched up j^-inoh from one edge of its 7-inch semicircle. 



Fig.144. 

But the metal in the pipe being i inch thick, the core strickle 
(Fig. 146) will be i inch -h i inch = 1 J inch wide at the 
shoulder. The edge of the strickle is chamfered like that of a 
loam boar4 (Fig. 147). These strickles are used thus : — The 
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Fig. lib. 



Fig.Uff. 



guide-iron is laid upon a plate on the f oxmdry carriage, and 
kept in position by sundry weights resting against it. Then 
the "check," as it is called, of the core strickle (Fig. 146) ia 
set affidnst the guide-iron, and a semicircular body of loam is 
struck up (Figs. 148), following, of course, the contour of 
the guide-iron. The iron is then turned over and fixed again 
in a new position, and a similar half -core struck up, but the 
reverse hand to the first. These are run into the stove and 
dried. When dir, the patUm strickle b set against the guide- 
iron, and a thickness of loam struck over each half-core in 
turn. This also is dried ; then both halves are detached from 
the plate, turned over joint to joint, and the rough pattern is 
complete (Fig. 149). A little touching up of the joints and a 
OQfkt of tar wul make it fit for the mould. After having been 
moulded, the thickness of loam representing the i inch metal 
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vnU be stripped off, and the core placed in the mould for 
casting. 

If a flange is required for a loam-pipe, the hole in the 
flange will be of the same size as the core, and the body thiok- 



PLAN 










Figs. 148. 

nees ol loam will be shouldered back to afford steadiness to it. 

Obvioufilyy a socket end would not be formed with strickles very 

readily, on accoimt of the dress* 
ing o£F necessary where one 
diameter blends with another. 
Hence sockets are in most cases 
struck separately in the same 
joim way that a straight piece of pipe 
would be, but on a body of 
loam equal in diameter to that 
of the pipe for which they are 
intendea, to be afterwards sawn 
longitudinally down the centre 
and slid or threaded over the 
pipe body. They are helil in 







Fig. 149. 

place during moulding with nails. The socket-core is either 
treated in the same manner or abutted against the body core. 
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If we require pipes or hollow oastiiigB whose shape is not 
symmetrical, and which cannot, therefore, be struck on a re- 
Yolying bar, or continuously by means of strickles, the diffi- 
culty is first how to get the core of the proper shape, and 
then how to insure an equal thickness of metal throughout. 
Take, for illustration, a reducing pipe connecting a rectangular 
valve-box or pipe with one circular in section (Fig. 160). 
Except at the ends Ihe section is never uniform, so, except at 
the ends, a strickle or strickles cannot be used. In such cases 
the core body is first roughed up with a square strickle at one 
end and a roimd one at uie other, and dried, then rubbed to its 




Fig. 100. 



required shape with rasps and glasspaper. A number of 
strips are then prepared of the same thickness as themetal in 
the pipe. These are laid flat on the core in various positions, 
and their interstices are filled u p w ith loam, which is strickled 
off level with ^eir thicknesses. When the loam has set a little, 
but not baked, the strips are taken away, their vacant places 
filled up with more loam, and dried. When moulded, the 
thickness is stripped off as before, and the core placed in the 
mould. By this method castings of almost anv size and shape 
can be made with uniform thicknesses of metal, and with much 
less trouble to the pattern-maker than would be involved in 
making a core-box with templets. 
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CHAFIEK XX. 
FLUTED AND OENAMENTAL COLUMNS. 

Apparent Difficulty of Moulding^Nuinber of Jointa. — Central Fonnda- 
tion or Bnse. — Mouldings.— ^Flanges. — ^Working the Flutes. — Loam- 
board. — Square Core. — How attached. — Lines of Jointure. — Danger 
of Undercutting. 

These, at first sight, would appear to present insuperable 
difficulties in the way of moulding. Loolang at an ardiitect's 
drawing, which somehow always does look more elaborate and 
enigmatical than the actual thing it represents, we wonder 
how such a complicated mass of ornamental work is to be got 
out of the mould. The pattern can be made like the drawing, 
but how to reproduce it in the casting is the difficulty. The 
use of drawbacks would perhaps appear feasible at first ; but a 
little consideration usually reveals practical difficulties in the 
way of their adoption, and in most cases we are reduced to 
the method of loose pieces, as being, on the whole, the least 
troublesome. 

We take, then, a fluted column like that shown in Fig. 161. 
Here we have a square base with mouldings, above that a 
fluted portion, then moulding again ; after that a long fluted 
shaft, surmounted by an ornamental capitaL It will be ob- 
served that the column in this case varies very much in diameter, 
being nearly twice as large in the lower portion as in the 
upper. We must strike out the column to full size, first in 
longitudinal outline, indicating the thickness of metal by 
dotted lines, and then in cross sections, at a a, b b, o o, to 
show the flutes. To make the pattern, we want a steady 
foundation — not the actual pattern, but that on which the 
pattern is to be built. Upon this base the fluted portion 
will be laid in strips, which strips will be drawn in succession 
from the sand, after the base is lifted out. A glance at the 
section (Fig. 152), will make my meaning dear. Divide the 
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circle into sucli a number of parts that the flutes will draw 
readily from the sand ; thus, a strip so wide as that shown Id 



*Ti^iiit vi' Fattrmi 





Fig. 168. Fig. 1S3. 

Fig. 163 could not possibly be drawn away without tearing 
down the sand at a, a. Let the edges, therefore, of the extreme 
flutings be plenty free enough, and do not, for the sake of 
lessening the number of joints, make the pieces so wide that 
opposite fluted edges will be tmderotU in relation to each other. 
There will not be lesslhan six in any circle : eight are better, 
and in some cases twelve are desirable. We will have eight 
in this column. Divide the circle accordingly, and mark out 
an octagonal- shaped figure on each section to indicate the flat 
backs of the loose fluted pieces, allowing sufficient stuff at the 
bottom of the flutes for strength — say f inch or i inch. The 
central portion— that included between these lines — will be the 
base or foundation of the pattern. This may be solid if the 
column is not large, and if thoroughly dry stuff is available. 
But it is not advisable, in the case of a large pattern, to run 
tlie risk of its warping for the sake of saving the extra labour 
involved in jointing up ; so we lag our central part up, just as 
in the case of a pipe pattern (Chapter XVIII., p. 151V This 
will contain the same number of lagging pieces as there are. 
to be loose strips. At the lower portion of the long flutes 
(Fig. 151, B, b), the diameter is larger than at the top, so that 
unless we taper the body to an equal amount, the fluting stuff 
will be thicker at the lower end than at the upper. It is of no 
consequence which course we adopt. The lower series of flutes, 
however, are twice as large in diameter as the uppermost ones, 
and the loose pieces would be inconveniently thick and heavy 
to handle in the mould, if made of that extra thickness. In- 
stead, therefore, of giving the extra thickness to these, prepare 
pieces of the same length, and of such a thickness as will re- 
duce these flutes to the same substance as the upper ones, and 
screw them on the main body (Fig. 164). 
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This part, which forms the foundation for the column proper, 
should nave good close joints, to insure the requisite rigidity ; 
it should be as straight as possible, and each flat should be 
altogether free from winding or twist. Mark out lengths of 
flutes, positions of mouldings, and faces of flaoges in the joint, 
and begin to build up. 

Turn the moulding first, jointing them, of course, in halves, 
with the grain runnmg transversely to the axis of the column. 
Cut them out to fit over 
the angular body, or else 
groove out the body in 
the lathe just where the 
mouldings fit, and bore 
out the latter to fit in 
these ^[Tooves. Screw the 
mouldmgs on from the 
inside of the column, since 
it is desirable that the} 
should be left loosely at- 
tached to the body, to 
be withdrawn separately 
from the mould. Top and bottom flanges and square base 
will be prej)ared and fitted over similarly. Frequently small 
flanees are jointed diagonally, but in those 
of Targe size an inconveniently large 
moulding-box is rendered necessary; hence 
it is desirable to joint these latter parallel 
with their edges, and to put a little taper 
in their sides. 

Then follow the flutes. As many flats 
as there are in the foundation body, so 
many separate joints will there be in the 
fluted portion. Each end of each flute 
will terminate in a hollow (Fig. 155). In 
preparing the stuff, square the pieces off 
just to ue commencement of the hollows 
(Fig. 165, A, a). Screw on each end the 
narrow pieces, b, b, necessary to complete 
the length up to the mouldings. Then 
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build up the strips in the usual way ; in- 
stead, however, of gluing, screw (like the moulding) from 
the inside of the pattern. Afterwards work to a circular 
shape either in the lathe or with planes if no lathe lone 
enough to teike the pattern is available. Then the flutes wiH 
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be divided round with compasses, and lined out wiih straight 
edge— the end make-up pieces, b, b, unscrewed, and the flutes 
worked along with a round-plane, after which the end pieces 
will be replaced, and their hollows worked with a firmer 
gouge and glasspapered. 

The end prints, a, a (Fig. 151), are turned out of the stuff 
with which the column is built up, or else made sepaxatelj and 
screwed on, dependent on circumstances. Sometimes, also, 
where columns are made in quantity, a certain portion of the 
length of the print, or an independent collar concentric with 
the print, is made to fit into a bored hole in the end of the 
moulding-box while the pattern is being ranmied up, and the 
core-bar has a collar also corresponding identically in size, by 
which a concentric position of the core relative to the mould is 
guaranteed. This, of course, applies to each end. 

A round column with a square base such as ours is has a 
square core in that base, for which a special core-box is made, 
the round core being struck on a revolving bar. Fig. 156 
shows the loam board which is used for striking the main core. 

A is the board, b represents 
the core, the dotted line, e, e, r, 
indicates the edge of the 
column, marked on the board 
to give the moulder his thick- 
nesses of metal for the pur- 
pose of checking their accuracy 
j^ when in the mould. It is 

^ usual to stamp diameters also 

at the ends as shown. Fig. 157 shows the box, in the centre of 
which a round print, a, passing through its entire thickness, 





Fig. IBS. 



forms the hole, into which the shouldered portion of the long 
core (Fig. 166, d) is thrust (Fig. 16&). 
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SECTION 



The foregoing retnarlTB will enable the reader to nnderstand 
the general process of column construction ; but there is, as 
may be supposed, much variation 
of detail in columns of different 
designs. Still, the principle re- 
mains good in every case, so far 
as I know, that columns are not 
made by cores or drawbacks, but 
by loose pieces ; and the one essen- 
tial to be borne in mind by the 
pattern-maker is, that all parts 
shall withdraw easily from the 
k^ mould. In highly 

^^H ornate columns the 

^/^N5>w pattern-maker is not 
^^^i:^V required to do the 

carved work ; but he 

has to joint the stuff 

in reference to the 

design, so that there 

shaU be no difficulty 

in moulding after it 

leaves the carver's 

hands. 

But it does not fol- 
Tig. lee. ' low that a handsome 
column is difficult to make. A 
twisted design for a shaft (Fig. 
159) does not involve any jointing 
at all, except the usual one in 
halves. Neither would an octa- 
gonal column like Fig. 160, ex- 
cepting at 0, a (section), where the 
undercut portion would be formed 
by two loose strips. Nor is it 
always desirable to joint radially 
from the centre, as in Fig. 152. 
In that case, if the flutes had been deep, we should have 
jointed like Fig. 161, else the sides of the flutes would tear 
the sand awav at a, a. When the central fixing reaching from 
& to & is lifted out, the side flutes, a, a, are drawn out parallel 
with the joints, Cy c, after which tiie other two will follow 
easily enough. 
Another mode of jointing some kinds of ornamental work is 
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Fig. 160. 
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shown at Fig. 162 (plan). Note that the central piece of the 
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pattern Is somewhat wider at a, where the joint of 'the mould 
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oomes, than it is at b. Tliis is for freedom of withdrawal from 
the mould, that piece being taken out first, the side pieces 
being removed afterwards. This joint is in frequent use, is 
easy to make, and allows of the side pieces being drawn away 
at any angle, even parallel with the joint of the mould — an 
arrangement possessing great advantages over the former 
in columns highly ornamented, such as those of Corinthian 

In all columns and ornamental work generally this must be 
remembered, that no parts, however apparently insignificant, 
shall be undereiU, It is more difficult to mend up work of 
this kind in the mould than any other ; therefore, every little 
recess, fiute, boss, swell, leaf, scroll, and moulding must have 
its edge so cut relatively to the direction in which it is to quit 
the mould that it shall cease to drag against the sand imme- 
diately that it is started by rapping. In doing this, it is 
sometimes, though not often, necessary to sacrifice a little of 
elegant appearance to the inexorable conditions of necessity. 
The undercut edges of the carver's work have thus to be 
tapered towards the outside of the pattern. But a little of 
this fudging will often save extra join tine, and the fewer 
joints there are in patterns of this kind the better: an 
experienced eye can always detect them in the castings. 
Looking at the swells, a, a, a, in Fig. 162, and the diamonds 
a, 0, a, in Fig. 163, it would appear that they ought to be loosely 
wired on, and drawn out one at a time. Sut this would 
entail too much work. By fudging the carver's work, and 
tapering the edges (Figs. 164, 165), the main pattern joints 
make sufficient provision for tiie delivery of these. Even in 
working plain mouldings there should be no ahsolutely square 
edges, but a slight amount of taper should be given to every 
part 
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CHAPTER XXL 

ESTIMATING WEIGHTS OF CASTINGS FROM THEIR 
PATTERNS. 

Reducing to Feet and Inches.— Multipliers. — Sources of Error. — Specific 
Gravities. — ^Practical Example in Calculation. — Approximate For- 
mula. — Bevel- wheels. — ^Mortise- wheels. — Pipes and Columns. — ^Deci- 
mals. — ^Useful Notes. 

The pattern-maker is often required to estimate the weight of 
a casting with more or less of accuracy, that accuracy being 
demanded either on account of the value of the metal, or by 
reason of the purpose for which the casting is intended. 
Accuracy within a hundredweight or two may be sufficient in 
some large castings, while in other cases, and in smaller 
castings, we may wish to be correct within a pound or two. 
Let us go a little into detail in this matter. 

To c^culate the weight of a casting, it is necessary to ascer- 
tain the number of cubic feet, or cubic inches, it contains, and 
to convert that number into weight by a multiplier. These 
multipliers vary, of course, with me nature of the metal to be 
employed. Thus, we know that a cubic foot of cast iron 
weighs on an average 450 lbs., and a cubic inch -263 lb. These, 
then, are the multipliers by which cubic feet and cubic inches 
respectively of that metal are converted into pounds. Another 
multiplier easily remembered and conmionly used is the num- 
ber of pounds contained in a square foot of iron 1 inch thick. 
Such a plate weighs 38 lbs. (lunmetal, again, would require 
another multiplier ; a cubic inch would weigh -8 lb. Lead, 
steel, copper, and every other metal would appropriate its own 
multiplier. Hence the general rule is : — AsoOTtain first the 
number of cubic inches (or feet) contained in the pattern ; 
treat this total with its appropriate multiplier : the quotient is 
the number of poimds wluch the casting may be expected to 
contain. 
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I use the word *' expected " designedly, for it often happens 
that a most careful calculation is rendered very wide of the 
mark through contingencies lying beyond the control of the 
pattern-maker. I have had a difficult gunmetal casting, weigh- 
ing 284 lbs., vary only 8 lbs. from the estimated weight, and an 
iron casting of 5 tons within 2 cwt. ; and I have also, on the 
other hand, been a couple of hundredweights wide of the 
mark in castings ranging between one and two tons. There 
are many causes at work to produce such discrepancies. 
There is the custom of "rapping," which will make an appre- 
ciable difference in small work. There are different densities 
of metal, which will cause variations in the weight of large 
castings. A mould rammed unequally — that is, harder and 
softer in different parts — will allow a casting to swell, and to 
come out larger in the imperfectly made parts than tiie pat- 
tern. A large plate will increase in thickness, and therefore 
in weight. A broken mould will not always be mended up just 
like the pattern. These and many other things go to destroy 
the accuracy of a calculation ; but we have to take things as 
they are, and frequently, judging by past experiences, we can 
make sli^^ht allowances for these and other contingencies, and 
thus proauce, on the whole, very reliable results. 

I spoke of the necessity for reducing to feet or inches, but 
there are other methods in favour with workmen. One of 
these is the method of specific gravities. The pattern is 
steadily immersed^ in water in a tank, the displaced water is 
allowed to overflow into a second vessel, and is then weighed. 
This, the weight of water displaced by the pattern, is multi- 
plied by the sp. er. of the metal in which it is to be cast, and 
the quotient equfus the weight of the casting required. Thus, 
supposing a pattern displaced 4^ lbs. of water, and that the 
sp. gr. of average cast iron be taken at 7*3, we shall get — 

4-26 X 7-3 = 31 lbs. = weight of casting. 

This is a very accurate way, presuming that a proper vessel is 
available by which no waste of overflow water occurs ; but as 
it needs some special apparatus, it is hardly suitable for large 
X)attems, and is seldom resorted to except in those cases 
where accurate weight is of the utmost importance. 

Another and a most delusive method is to weigh the pattern 
itself, and multiply that by 1 6, which is supposed to represent 
the relative weights of dry yellow pine and cast iron. This 
leaves out of consideration the various densities of different 
qualities of pine, and the presence of screws, nails, or other 
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foreign substances in fhe pattern. We simply mention this 
by the way, and pass on to illustrate the method we alluded 
to in the first place. 

Let us take» as a practical example of the method of calcu- 
lating by cubic inches, the cog-wheel in Fig. 8, p. 16, partly 
reproduced here (Fig. 166), for convenience of reference. This 




ng.iM. 



is a small casting, so we must reduce to inches, feet being too 
large a factor. 

First of all then, take the rim. Its outer diameter is 2 feet 
5 inches, its thickness t inch, the average or mean diameter, 
therefore, being 2 feet 4f inches. To save the labour of cal- 
culation, we turn to a table of circumferences, and find that 
the circumference of such a ring is 89 inches ; therefore, 
imagining the rim unrolled, it becomes — 

1 strip 89 in. X 3i in. X t in. = 180*6 cubic inches. 

Then the teeth. Imagine cdl the points of the teeth, a, 
broken off along the pitch-line and inserted between the 
roots, h. We see that a continuous ring is formed (neglecting 
the slight allowance for clearance). The mean diameter of 
this ring will then be taken, and its circumference deduced. 
At 2 feet 6f inches average diameter, it is — 
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1 strip 92 in. X 3i X iV = 130 cubic inches. 

The boss in like manner may be imagined to be a simple ring 
piercing the arms, and can be reckoned thus : 

One solid cylinder 5 inches diameter x 4i long — one cylin- 
der (the hole) 2i inches diameter x 4i long. A oisc of 5 inches 
diameter by 1 inch thick will be f oxmd, on referring to a table 
of areas, to contain 19*6 cubic inches ; one 2^ inches diameter 
by 1 inch thick will contain 4*9 cubic inches. Subtract the 
one from the other, and multiply by 4i ; the quotient is the 
aimiber of cubic inches in the boss. 

19*6 « 4*9 X 4i = 60*2 cubic inches. 

The rib or flange withia the rim will, at i wide, average 
2 feet 3i inches in diameter. Then it will contain — 

85*2 X i X i = 33*3 cubic inches. 

There will be six arms extending from boss to rim, averaging 
2tV in width. Therefore we have — 

Six pieces 10} x 2iV X f in. = 97*2 cubic inches. 
Feathers or cross-ribs likewise — 

Six pieces 11| X 2i X i = 109*8 cubic inches. 

Hollows add so little to the weight of a casting that they 
are generally taken no account of, or something ebe is set ok 
agamst them. If the weight is desired so very precisely, they 
can be reduced to triangles, and the triangles in turn to 
rectangles. 

These totals of cubic inches should now be added together, 
and multiplied by *263, which will give the weight of the 
wheel in lbs. 

Beckoning out, we find that there will be 161 lbs. weight of 
cast iron in this wheel. 

There are rules given in various books for calculating the 
weights of wheel castings by their diameter and pitch. They 
are principally useful where approximate wei|?hts are desired, 
or where wheels are made by the same rules m>m which these 
formulsB are deduced. Three such rules given by three dif- 
ferent authorities yield the following results in the wheel we 
have been considering. It contains — 
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75 teelli of 1^-inoh pitch, and is 3} inches wide, and 2 feet 
6 inches diameter. 

Formula from D. K. Clark, 170 lbs. 
„ „ Unwin, 171 lbs. 

„ „ Box, 158-4 Ibe* 

In a wheel wei^hin^ several owts. the dif^erenoe woidd be 
mote marked. The nng of a bevel-wheel might appear at 
first sight to offer a diMouliy in the way of oilculation, its 
diameter varying at eveiy point But if we take average 
diameter and average thickness, it will be just the same as 
though we divided it into an infinite number of sections, 
and reckoning each separately added their totals together 
afterwards. 

The recesses in a mortise-wheel will not complicate the 
matter in the least, for after finding the number of cubic 
inches in the ring, on the assumption that it is solid through- 
out, we need then only find the number of cubic inches in 
each mortise, multiply that by the number of mortises, and 
(Subtract the sum total from the number of inches in the 
solid ring. 

A more intricate piece of work, such as a steam cylinder, 
with passage and perhaps jacket cores, with webs of metal of 
odd shapes, curved brackets and feet, and such like, should 
be divided out piecemeal on the drawing itself in order to get 

* They are the following : — 

W = (-06 + -OSp) d{l + 0-10 40* 
d = oiameter in f oet. 
p ^ pitch in inches. 
*0d = constant. 

W = weight per inch of breadth. 
Bevel wheels to be taken at } to f the weight of spur ones. 

— (D. E. 01ark» « Eifles, Tables, and Data,'' p. 741, edit. 1878.) 

p = pitch. 

b = breadth of face. 
N = number of teeth. 
K =z 0*38 for spur wheels, 0*325 for bevels. 

->(Unwio, « Machine Design," p. 302, sixth edition.) 

W= (D X P X W) + (V'D X P X W) X M. 

J)=ip diameter in feet. 

P = pitch in inches. 
W == width on face in inches. 

M = 12 for spur wheels, 10 for bevels. 
W =: weight in lbs. 

^Boz, '* Mill Gearing,** p. 24.) 
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exact dimensions. Without this precaution we are likely 
to reckon some portions twice over, or to omit some parts 
altogether. In reckoning, it should be our aim to simplify 
matters as far as possible by reducing everything to circular 
or rectangular form. 

The weight of parallel pipes and columns may be obtained 
from tables, either by taoles of weights for pipes of yarious 
thicknesses, or by a table of solid cylinders. Thus — tables 
are given in all engineers' books of reference of the weight of 
BoHd cylinders a foot long.* All we have to do, then, is to take 
the weight of a cylinder equivalent to the outer diameter of 
our pipe, and subtract from that the weight of one equal in 
diameter to the hare of the pipe. Or if such tables are not at 
hand we can get the average diameter, thence obtain the cir- 
cumference, and multiply that by the length of the pipe and 
its thickness. In a taper column we must take the average 
diameter, and reckon then as though it were paraUeLf 

If we have a column with a quantity oi mouldings and 
ornamental work, where it would be impossible to stnke an 
average, we must divide into sectional lengths, calculate each 
separately, and adding their totals togemer, thence deduce 
the weight. 

If a casting weighs several cwts., it is inconvenient to have a 
sum total in lbs. iSie multiplier 009 will convert lbs. into cwts. 

In the calculation of weights I find decimals more conve- 
nient than vulgar fractions, and inches more convenient than 
feet. Thus it is easier to multiply — 

11*87 inches X 6*75 inches X 4*62 inches 
than to multiply 

11| inches X 6} inches X 4f inches, 
and to multiply 

69*75 inches X 14*37 inches 
than 

5 feet 9^ inches X 1 foot 2f inches. 

* See Table in Appendix, p. 317. 

t A correct rule for finding the weight of a lineal foot of pipe in lbs. 
is thifl: 

W = K (D« — d^). 
W = weight of a lineal foot in lbs. 
D = outsidd diameter of pipe in inches. 
rf = inside „ „ „ 

K = a mulliplier 2*46 for oast iron. 
2*82 for bruas. 
V 



Digitized by VjOOQIC 



178 PATTERN-MAKINd. 

We have assumed that tables of areas and drcumfereiioefi 
are always ready to hand — as they are in the workshop. But 
when a man is sent out to take dimensions for a casting, it some- 
times happens that an approximate weight is required at the 
same time. It is well, therefore, to bear in mind that — 

Diameter* x '7864 = area 
Diameter X 3*14159 =: oircumference. 
Or, 

7 : 22 : : diameter : circumference, 

and that cubic inches divided by 4 = pounds, nearly. 

Mttltiplibbs fob the Common Metals. 

Cubic inches X '268 = lb. cast iron 

•288 = „ steel 

•8 = „ brass 

•41 = „ lead 

•32 = „ copper 

•266 = „ tin. 

See also Appendix for useful and more extended tables. 
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CHAPTEE XXn. 

ON THE USE OP COKES AND DRAWBACKS. 

DiffereDt MothodB of Moulding. — ^Yalae of Experience. — GKisholdei 
Bracket. — Drawbacks. — Gnd. — Travelling Girders. — Cylinder. — 
Drawbacks. — Joints. — Lathe-bed. 

Thb pattern-maker is often in doubt as to the best method of 
taking out the recessed portions of a casting. Cores, draw- 
backs, dowelled and wired pieces, are the usual means resorted 
to for the purpose. Sometimes all three methods are prac- 
ticable, sometimes only two; rare are the circimistances in 
which the workman is reduced to one plan without having the 
option of another. Broadly it may be said that castings c£in 
be made from patterns .which are exetctly like themselves. 
But in veiy many instances it would be very unpractical, 
unwise, and expensive to make them thus. Because a moulder 
can make drawbacks ad infinitum, and form joint over joint, 
as many as it is possible to put in the pattern, that is no 
reason why a vast amount of unnecessary labour should be 
undertaken which could have been avoided by a little judicious 
ooring out. 

Yet we need not fall, on the other hand, into the error of 
taking out everything with cores in order to lessen the diffi- 
culty of moulding. For cores are expensive, requiring making 
and drying, and the core-boxes for a piece of work will very 
often entail more labour in the pattern-shop than the pattern 
itself. Looking at the drawing of an intricate piece of work 
for the fbrst time, it is not easy to arrange everything in 
detail, and to foresee every contingency that may arise, before 
deciding how best to make the pattern. Yet there is a rough- 
and-ready kind of intuition acquired by experience, and it is 
marvellous how readily a skilled hand will imravel the diffi- 
culties of a fresh job, and decide in his mind how he will set 
about it. Taking the various methods in succession — loose 
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pieces, cores, drawbacks — lie soon perceives which is feasible 
and which is impracticable ; tlien what is easy and what 
is not so easy ; then, lastly, which is good and which is best 
of all. So that before the man with less experience has 
grasped the leading features of the drawing, the other has 




Fig. 107. 



already settled in his own mind the lines upon which he 
intends to work. 

But this almost unerring kind of intuition only comes after 
many years' habitual observation ; and also, let us add, after 
many deariy purchased errors, for here, as elsewhere, failure 



Digitized by VjOOQIC 



ON THE IT8E OP OORES AlH) DRAWBACKS. 



181 



is the stepping-stone to success. To apprentices and young 
hands there is nothing which presents such difficulty as this 
of the best method of moulding ; and, in point of fact, it is 
seldom left to their choice. When the foreman gives out a 
job he will almost invariably, except in very simple work, 
give directions as to the way in which it is to mould, and even 
tiien a watchful supervision is necessary with the less expe- 
rienced hands. It is to help such as these in the matter of 
moulding that this chapter is written. The simplest way, 
perhaps, will be to illustrate our meaning as we go along by 
examples taken from actual castings. 

Take, for instance, a double bracket (Fi^. 167), such as is 
used for carrying the guide- wheels of a gasholder. Here is a 
casting whose pattern might be made to mould with the edge 




Fig.ies. 



A in the bottom and the edge b in the top. Certainly the 
fillets or flanges round the edges would not allow of the pattern 
being drawn, but the sand forming the entire sides, including 
their bounding edges, could be drawn away on plates or 
** drawbacks." 

In case some of my readers should marvel respecting the 
meaning of this curiously applied term, I will explain. Fig. 
168 represents two drawback plates laid against a pattern. 
On one side of the pattern is a long boss with ribs, on the 
other a thick bearing with its bi-acket. We suppose, as often 
happens, that there is not sufficient central space to draw 
these projecting pieces into— that cores would mean more 
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work than the job is woi-th, and that the sides are too deep to 
allow of jointing down from the top. Then we ram the sand 
around tiiese particular sections of the pattern upon these 
platesy dividing the sand on each plate from that on the other 



'^ 



^^A 



/^^ ^ /^ ^ £3 ^J 1^ ^ /B G/B&/ 



Fig. lO. 



and from the outer sand by joints of brown paper or of part- 
ing sand, and afterwards " draw back" the plates, with their 
complement of sand, from the pattern. The pattern is then 
lifted out and the face of the mould cleaned and blacked, 




Fip. 170. 

after which the plates are brought into position again by the 
paper or sand joints. 

Well, we could make the pattern of the guide-roller bracket 
to mould thus, but we should not care to adopt this method 
in this case. For the drawbacks would be large and heavy, 
and the flanges and inner ed^es of the pattern being square 
would tear away the mould, mere being a vast diflterence be- 
tween lifting a pattern out of the mould by gently tapping, 
and tearing the sand forcibly from the pattern. We shoidd 
find drawbacks expensive in tliis coise. 
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But it migHt be made to mould flat side down, just as repre- 
sented in Fig. 167, plan, in wliieh case the middle space (Fig. 
167), back elevation, would have to be taken away on a '< grid/' 
of which Fij^. 169 gives 
a sketch. One side of 
the pattern would then 
be left loosely dowelled 
to come away in the top 
box, and temporary dis- 
tance blocks would main- 
tain the sides at their 
proper width apart dur- 
ing ramming. Yet nei- 
ther would this be a 
wiser course to adopt in 
a pattern of so flimsy 
oonistruction, though it 
woidd be well suited to 
a stronger piece of work. 
In this case no two cast- 
ings would come out 
aluLO, but the sides would 
be winding and not pa- 
rallel with each other. 
We should, therefore, 
takins^ these things into 
consideration, unhesitat- 
ingly vote for a central 
corerthe outline of which 
is inoicated by the dotted 
Une). Then our double 
bracket would mould on 
its side, as in Fig. 167, 
plan ; the core-box bein^ 
plain (Fig. 170), would 
mvolve little labour, and 
the diatanoe between the 
frames (maintained pa- 
rallel by the oore-prmt) 
would be perfectly uni- 
form. The facing llosses, 
0, a, will either be put, one on a bottom board, the other on a 
crossbar dowelled on the top ed^e, or be measured into place 
while the core is being made. Of course the top pattern frame 
would be dowelled upon the print. 
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Take next a type of cast-iron girder used at the ends of the 
gantries in overhead travelling cranes (Fig. 171), and "which 
carries the flanged running wheels. Should we taJce out the 
centre in this case with a core ? The frame in this instance 
also is double, with a central space, and here analogy would 
lead one at first sight to think it advisable to mould it upon its 

side, making a the bottom 
and B the top, and to take 
out the centred space with a 
joiNT core. But no ; here we should 
use neither cores nor draw- 
backs, for although we can- 
not leave the bottom flanges 
loose round the edges, for 
the simple reason that owing 
to their width they could not 
be drawn inwards, we can 
leave the entire flange, made 
as a frame, loosely dowelled to the bottom edges, to be parted 
from the rest of the pattern by a sand joint. So our pattern 
will be exactly like the casting in this case, and the trouble of 
making a plam sand joint will be far less than that of making 
prints and a core-box, and preparing the cores besides. Fig. 
172 shows the pattern in sand completely rammed up. 
Take another form of travelling girder (Fig. 173), where, 




Fig. 172. 
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Fig. 178. 



instead of broad flanges, we have thin fillets, and bearings 
whose faces stand out beyond the fillets. Here we should 
leave bottom fillets and bearings loosely wired on, both inside 
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and outside. Our sides are, say, 1 J inch thick, and our fillets 
1 inch. These latter would draw into the space left by the 
pattern after its withdrawal ; but if, as we will suppose, the 
bearing- blocks stand out an inch beyond these, they clearly 
will not come up through 1 J inch space. But we can get over 
the difficulty of increased thickness in one of two ways here. 
We could put the blocks on, 
1 inch thick, outside the fillets, 

not screwed, but wired, and riv^:^-; j-^ /y^ '^ .; K^AV'r^|i /^fiwr 
draw them afUr the fillets ; or H^V^ vS^'^;."?-^!^ t :"i t* 
we can take away the middle j^'^fi^^'-^ pi'^'^^^l-.Mi 



;^^j: 



/oftur 



sand on plates, i^ter the sides 

of the pattern are withdrawn. 

In a shallow pattern the 

former entails least trouble 

but in the case of a deep 

girder the latter is the one to ^*' ^^*' 

be chosen, since it has this great advantage — that both the 

outer and inner mould is more readily accessible for mending 

up, blacking, and so forth, when the middle sand is removed 

than when it remains in situ. Fig. 174 shows the pattern 

rammed up. 

The cylinder (Fig. 175) as used in vertical steam cranes 
affords an illustration of drawbacks, loose pieces, and cores 
in one pattern. Observe the shape of the feet, a, a ; clearly it 
will not mould on either side, because the cranking of the feet 
wiU not allow them to be drawn into the pattern space, and 
the sand overlying them will prevent their coming up with 
the pattern, no matter whether we joint it through the plane 
of the passages, b, b, or parallel with the steam-chest face, o, o. 
An accurate core, moreover, would be a troublesome thing to 
make, for it would have to include the entire foot with its 
bracketin&;8, its bottom face of course excepted. But there is 
no difficufiy if we use drawbacks, and they are very readily 
manipulated here, d, d. Fig. 175 shows the pattern completely 
rammed up in a three-parted box, with joints and drawback 
plates shown. The section is supposed to be on the face of 
the cylinder flange. Fig. 176 shows the middle and bottom 
parts of the mould when the cylinder body has been removed 
and the drawbacks are lifted out, but before the feet are drawn 
or the middle box parted from the bottom. The section is 
taken through the middle of the exhaust, the feet, and the 
steam-chest flange. The exhaust flange and that portion of 
the body above the foot are in the drawback (nnt ahown), so 
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tliat that portion of the mould shows a dear space right down 
to the flange. Fig. 177 shows the right-hand drawback lifted 
out. The left-hand one, of course, will be similar, except 
that it will contain also the exhaust portions just mentioned. 
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Then, further, we must either core out underneath the 
steam-chest flange or leave it loose. A core would be far too 
troublesome, so by leaving that flange loose we can joint 
underneath it, and draw the half-pattern from one box and 
the flange from the other. And tne steam passages must b« 
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taken out by cores, the prints for wliioh will be placed on the 
flanffe. 

Tie more completely to illustrate this chapter on the diver- 
sified methods of moulding patterns, let us discuss the dif- 
ferent methods in which a lathe-bed might be made. Every one 



Fig. 177. 
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Fig. 178. 

knows the familiar form of 
a lathe-bed, with V-^aped 
edges for the saddle of a 
slide-rest. The V-strips are 
planed all over, and that 
settles at once their posi- 
tion in the mould. They will be in the bottom, to secure the 
advantage of the soundest and cleanest metal. 

But we require to settle something beside the fact that the 
strips are to be cast downwards before we commence the pat- 
tern, and that is, how to taper the sides. Looking at the 
imagipary mould in section, Fig. 178, we see clearly that, 
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though the sides of the bed can be made to withdraw readiljf 
from the sand, it is impossible to lift out the inner and outer 
bottom strips through the spaces left by the sides. Hence 
our idea would be to remove some portion of this oyerlying 
sand, and so render the strips accessible. From this point of 
view the pattern could be constructed in three different ways, 
in order to provide for three methods of moulding and ^e 
ready removal of the strips in each case. 

The three diagrammatic views, much exaggerated, will 
clearly illustrate these three methods. In the first instance 
(Fig. 179) we plane no taper in the stuff which forms the 
sides, but give, instead, i inch to jt inch of taper (according to 
the depth of bed) to the ends of the bridges or crossbars, so 
that the bed shall spread bodily in section. Here the sand 
forming the inside of the bed will be lifted away on plates. 




Pig.l7». 



Pig. 181. 



after the removal of the top box, and the pattern itself will 
be drawn immediately afterwards. The fillets, a^ a, would 
have to be wired on to lift with the inner sand, and the outer 
Yee's, h, h, would also be left loose to be drawn into the 
middle space left by the lifting out of that sand. 

The process adopted in method two (Fig. 180) would be the 
same in principle as the first, but the tnodtM operandi would be 
exactly the reverse. Here the outer sand would be lifted 
away, either on drawbacks or on an outer encircling plate ; 
then the pattern would be drawn, leaving the middle sand 
remaining. In this case the inner strips, e, e, and the outer 
fillets, a a, would be left loose. In the third method (Fi^. 181) 
the median lines of the sides are parallel, and taper is given to 
their inner and outer faces. The bottom strips, both inside 
and outside, are wired on, and the screws which xmite the 
sides to the crossbars are withdrawn one by one as the ram« 
ming goes on, and when all is rammed up and the top lifted 
away the pattern is drawn piece by piece, leaving the sand 
behind. Then either middle or outside is taken away on plates. 
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and the loose strips drawn in. Fig. 182 shows an encircling 
plate as used for lifting the outside of a mould away bodily. 




Fig.lSi. 

The last method is to take out the inside with cores (Fig. 
188). It makes a cleaner and truer casting, and as the cores 
are very plain the expense is not great. Only the outer 
pieces, a, a, are wired on. The oore-box may be made of Hie 
entire length of the pattern, and the bridges put in, as into 
the pattern, or short core-boxes may be made to reach from 
bridge to bridge. 

Some of my readers may be disposed to put the question, 
Why lay so much stress on matters of moulding, instead of 
describing simply how such and such pat- 
terns are made ? I reply, that in any save 
the simplest jobs, scarcely any two men 
would fi;o to work in predsely the same 
way. A pattern-maker must understand 
moulding well, and even here the usages 
of shops differ. The bare description of 
one pattern would be of little assistance 
in the construction of another, having 
perhaps a general resemblance to that, yet differing from it 
(from the moulder's point of view) in some very important 
particular. I know of no trade where the methods of work- 
ing differ so widely as in pattern-making. Many patterns 
can be made to mould in three or four different ways, 
and t^e workmen, therefore, instead of proceeding in certain 
set grooves, like those of many handicrafts which will occur 
to me mind, must devote to each new job some amount of 
originality of thought and modification of construction. It is 
for this reason that piecework is so difficult of adoption in the 
pattern shop. 




Fig. 188. 
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CHAPTER XXIIL 

LOAM PATTERNS, ftc 

Why used.— Methods of makiiig.— Capstan. — Bar Coree. — Boards.— Core- 
box. — ^Eemarks on Wooden Patterns. — Loose Pieces. — Stopping-oflf. 
—Pipes.— Wheels. — Brackets. —Skeleton Patterns. — Bings. — ^Level- 
ling-Dlock. — Crane-centre. — ^Tank-plate. 

A LOAM pattern is quite a difPerent thing from a loam mould. 
We made the boards for a loam mould in the case of the large 
cylinder (Chap. XTT., pp. 99, 100). We will now make the 
boards for a loam pattern, and that pattern shall be a common 
capstan. In cylindrical work a loam pattern is advisable 
when the mould is so small that a man could not conveniently 
work within it to strike the board round, and yet so large 
that a wood pattern becomes too expensive. This is usually, 
in fact, the ultimate consideration : the relative proportion the 
cost of the pattern bears to the value of the casting or castings. 
Thus, in the case of a capstan, if we had one or two castings 
only to make, we should use a loam pattern, but if we required 
a dozen or twenty castinjgs all alike, we should consider a wood 
pattern the cheaper. Though its first cost would be con« 
siderable, the subsequent expense of the moulding would be 
diminished in a greater degree. 

A loam pattern, then, is a pattern made in loam instead of 
in wood. Both are exactly alike in outline, the materials only 
of which they are constructed being different. A loam pattern, 
like a loam mould, is struck up, but the boards are cut the 
reverse to those intended for a loam mould. Brackets, how- 
ever, facings, flanges, &c., not circular, are made as separate 
pieces, and attached to the loam body by means of nails. 
Where there is a longitudinal centre core, as in a pipe, a 
cylinder, or, say, in our capstan, it is customary to strike the 
core up first on the bar, to dry it, and give it a coat of black- 
ing, and then to strike the body of the pattern over that (see 
Cmsip. XIX.). After the pattern is moulded the body thick* 
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ness 19 Btripped off, and the core is placed in the mould for 
casting. Evidently this can be adopted only where one casting 
is reqtdred, and if this happens to turn out a "waster," the 
labour of striking up a pattern has to be gone through again. 
Therefore the question of striking up a pattern on another 
bar distinct from the core is an economical matter to be decided 
by the character and ciroumstances of each individual job. 

Eeverting to our capstan body, then rPig. 184). We take 
the body, because that alone is made irom a loam pattern, 
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Figs. 184. 
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omitting the base and cap (not shown) as being wood patterns 
of so simple a character as to call for no comment. Observe 
that there are six cores, a, a, required at the upper part of the 
capstan for the insertion of the lever bars. There are also 
Hghtening spaces, h^ h, between these recesses (Section a, b). 
We can put in these cores in one of two ways. We might 
have six prints arranged equidistantly round the pattern, and 
left loosely set, so that they might be drawn singly into the 
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mould. But as it would be difficult to set them properly in 
loam, wo consider it better to make a print continuous round 
tbe circumference, e^ c, and to shape the cores in such a way thai 
they will fill the print ring quite up, or ** stop themselves off." 
Haying thus decided, we simply make our boards as indicated 
in the sketches, Fig. 185 representing the board which strikes 
the core. Fig. 186 that which strikes the pattern. Stamp the 
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Fig. 186. 
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diameters as shown, and mark ends of prints. The dotted 
line in Fig. 185 shows thickness of metal. Two little battens 
on the same figures, a, a, hold the bosses which carry the cen- 
tral spindle. When the core is struck up, of course these pro- 
jecting bosses form recessed grooves or rings, and if 
I the board were drawn back with these firmly 

( attached to it a portion of the loam would be torn 

' away also. But these are unscrewed after the core 
is made, the main board is drawn back, and then 
they are taken away parallel with the axial line. 
Fig. 187 shows the same enlarged. When the 
loam pattern is struck and finished, supposing the 
thickness of metal is struck on the core, it will in section 
have the appearance shown in Fig. 188. 

Then we take the core-box, and here we observe that a 
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plain tapered box, similar in shapo to the holes required for 
the capstan bars, would be of no use. The sides of tho circular 
print (tapered) and tho sides of the holes are not in one plane, 
but inclined towards one another, and we ought to put this 
double taper in tho core. 

It sometimes happens tliat in a tapered core we can give 
the same taper to a print which wo give to the core, and then 
the sides of the box aro straight bevelled ; but in this case 
such a method would prevent the pattern from moulding. 
ITenco we shall cut the top and bottom edges of the box to 
the same angle as that to which the sides of the print and the 




Fig. 188. 

sides of the bar recesses are inclined towards one another 
(Fig. 189, elevation). This will, of course, necessitate the 
ad£tion of a bottom board to the core-box, of the same shape 
as its edge. Further, the cores are intended to stop them- 
selves off ; therefore ikej must be so made that when all are 
put in place the rin^ print shall be completely filled up. This 
we shall accomplish l)y making the print portion of the core- 
box to fill up exactly a sixth of the ring print. Then, again, 
we have cores between the bar sockets, to lighten the casting 
and to insure regular contraction. The gas must be brought 
away from these cores ; so to insure a communication with 
the outer air we will make the lightening cores unite with the 
bar cores by the round holes indicated in section, Fig. 184. 
Therefore one core-box will fill up print, take out bar and 
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lightening cores in one, and all the air will be drawn awaj 
at once into the print. 

We may note "by the way that although we have selected 
this capstan as an illustration of a loam pattern, it is, where the 
quantity is sufficient to pay for it, made in wood — moulding in 
the same fashion, with prints at each end, and a central core 
struck up on a revolving bar against a board. When, how- 
ever, capstans are made in large numbers, it is better to have 
the patterns to leave their own cores. The capstan then 
would mould upright exactly as it stands when in position, and 
its pattern would have two or more horizontal joints, depending 
on circumstances; one at the centre, where the diameter is 
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Fig. 189. 

smnllest — just where the line c d cuts in Fig. 184 — and one 
at the top of the bar cores. The bar cores may be set in prints, 
or be made to rest upon small oval cores lying upon the 
central core. The various portions of the i>attem will be 
built up in segments and turned to templet, good glued joints 
and pegging being essential. The loose joints, where the pat- 
tern parts, are either dowelled or turned with shoulders, to 
drop into one another. The tapering 'shape of the capstan 
affords every facility for this way of moulding. 
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WTiile the suLjoct of the various methods of moulding 
patterns is under discussion, a few remarks on loose pieces, 
stopping off, and skeleton patterns will also be in place. 

Loose Pieces.— Take the annexed plate (Fig. 190). For 
some reason or anotlier, generally for the purpose of securing a 
sound face, as in a surface plate, this must be cast face down- 
wards. Then the proper way is to leave the deep ribs loosely 
dowelleil on. We do so in order that they may be lifted up 








Fig. 190. 

with the top sand, to be properly rapped and drawn out after- 
wards, rather than that the sand snould be torn away from 
the ribs and entail a deal of mending up. If these ribs were 
shallow, the necessity for leaving them loose would not exist ; 
but, in the case of deep top lifts, there should be no exception 
to this rule. 

Somewhat akin to this is the case of a pipe or cylinder. We 
know ike rule is almost invariably to make the patterns of 
these in halves, iointed longitudinally. The top half of the 
pattern is then lifted in the top box and rapped and drawn 
away from the sand. Occasionally, however, we see a pattern 
made solid, either through ignorance, or from a false idea of 
economy, and then the evil results of such a method are appa- 
rent in broken edges in the sand, and lapping joints in the 
casting, the result of imperfect mending up. The evil is seen 
at its maximum where a loam pattern is used. Here a joint is 
not practicable, and the rough loam tears the top mould so 
much that mending-up pieces are always necessary. 

Further, if we take a common trolly- wheel, though the back 
boss is almost as often fastened on as loft loose, it is better 
to leave it loose, with a stud in the centre. For, although, 
owing to the abundant taper given to such bosses, the top 
box will often be lifted away without causing fracture of the 
Band, yet a little imsteadiness in lifting will cei-tainly break 
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tliG mould, and then tlie boss must be unscrewed from the pat- 
tern and embedded in the broken mould for the purpose of 
mending it up. The advantage becomes still more obvious if 
there are deep arms (Fig. 191)'in addition to the boss in the 
top, so that in bevel-wheels, deep spur-wheels with double- 
ribbed flat arms in the centre of the rim, and similar instances, 
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Fig. 191 



Fig. 192. 



the portion in the top should be dowelled on — ^boss and arms 
usually being fastened together and lifted out as one (Fig. 1 92). 
There are few patterns, indeed, in which some parts have not 
to be left loose, either for convenience of being lifted with the 
top part, or of being drawn in at the sides, aa m^itioned in 
the lafit chapter. 

Stopping Off. — We have, used this term several times in 
the course of these chapters. It is one in conmion use in the 
workshop, and means broadly the modification of the shape 
of a moidd, so that the casting shall be, to the extent of such 
modification, unlike the pattern from which it is made. 

Much can be done in this way by the moulder, and consider- 
able expense saved thereby. A comparatively small amount 
of labour will often save the cost of a new pattern, or that 




Fig. 198. 

of extensive alterations to one already in stock. Take, for 
example, the simplest case we can instance. Say we have a 
solid plunger pattern, 12 feet long, 6 inches diameter, and 
we want a casting of the same diameter, but only 10 feet long. 
If we cut the pattern off, we spoil it for the greater length if 
required at any future time ; but neither should we make a 
new 10-feet length. So we simply mark a length of 10 feet 
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in the joint of the pattern at the solid end, and provide the 
moulder with a semicircular piece of the same diameter as the 
plunger, and two or three inches long. Before the pattern is 
drawn out from the sand, he carries the 10-feet mark across 
the sand joint both in top and bottom, then withdrawing the 
pattern, he lays the face of the stoppinff-off piece level with 
the mark, and Ms up the mould beyond that face with sand 
(Fig. 193). 

Insteaa of a solid cylinder, let it be one hollow in section, 
say a pipe 6 inches in bore by 6 inches outside diameter. The 
stopping-off piece will then take the form of Fig. 194. The 
half-cirdei 6 inches diameter, will, as in the last illustration, 





Fig. 194. Fig. lOft. 

fit the mould of the pipe body, but it will have a 5 -inch half 
print screwed upon it. This, when laid in the mould and 
rammed round with sand, will give both the length of the pipe 
and the shape and size of its print as well. 

If, instead of a plain pipe, we have one double flanged, we 
should proceed in this way. A pipe, say as before, 6 inches 
diameter by 12 feet long, has to be made 8 feet long, and at 
each end of the 8-f eet length a flange is wanted. On the pipe 
body, 8 feet away from one flanged end, we screw a body 
flange ^see p. 153) of the size we want cast on. Then we make 
a stoppmg-off half flange and half print that will be dropped 
into the impression made by that on the body, and there 
rammed round. Or we may take one-half the flange from 
the pipe, and, filling up the hole which fitted round the body, 
screw a print against that, and use it in the same fashion 
(Fig. 195). 

From tiiese illustrations it is apparent that the principle is 
capable of almost indefinite application. There is, in fact, 
scai'cely a limit to its adaptability. Pattern wheels may have 
castings made from them either deeper or shallower, without 
altering the depth of the pattern itself. In the first instance 
the wheel is drawn^ in the second sirickltd. That is, 
supposing the pattern were 3 inches deep, and the castings 
were wanted 4 inches, the sand would be rammed level with 
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tho top faces of the teeth, then the pattern would be drawn up 
as in delivery, but just to the extent of 1 inch, and the sand 
rammed level again. The pattern then finally drawn would 
leave tlie mould 3 inches +■ 1 inch = 4 inches deep. Or, in 
the second ease, the pattern being 3 inches, we want tho 
casting 2 inches deep. Then the sand, as before, being 
rammed level with the top faces, a strickle shouldered to 1 inch 
in depth is worked around and between the teeth, making a 
new joint 2 inches from the bottom of the pattern (Fig. 196). 
Even the outlines of side frames, cheeks, and brackets are 
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Fig. 197. 



altered as occasion arises by this simple method of stopping-oflF. 
Tlius a wall bracket like Fig. 197, a, would easily be cast like 
Fig. 197, B, in the manner shown, the shaded parts representing 
the new pieces put on the i)atteni which indicate the shorter 
length required, and the piece o the stopping-off templet for 
the use of the moulder. In the economy of the trade this 
principle of stopping-off is of the utmost importance. 

Skeleton Patterns. — Loam patterns are economical ; but, 
apart from loam work, there are methods of making some 
pieces of casting without a complete pattern. Thus, if we 
wanted a ring somewhat large in diameter, and moreover for a 
temporary job only, we shoiud make a sweep (Fig. 198) of the 
same section as the ring, and a foot or so in length. To this 
we should attach a radius bar, b, in which a hole would be 
bored corresponding in position with the centre of the ring. A 
stake, c, driven into the sand would form a fixed centi*e, around 
which this would swivel on a hard wood pin or bit of wire, d. 
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whfle the moulder rammed the sweep up a sufRcient number 
of times in succession to complete the circle. Or we may omit 
the bar, and simply mark two circular 
trammel lines on a true sand bed, by 
which to set the sweep. 

As a rule, a whole pattern would not 
be made for a large rectangular cast- 
ing, such as a boilermaker's or smith'e 
levelling block. In these cases a 
frame only would be screwed together 
(Fig. 199), rough inside, but corre- 
sponding outside with the block in 
length, width, and depth. A level bed 
would be made on the sand, the frame 
laid upon it, and the sand rammed 
round flush with its top edge, and 
strickled-off level. The pattern would 
then be withdrawn, its cores put in by 
measurement, and a plain top box, 
rammed on the foundry floor and struck 
ofF level, would cover the mould over. 
These are simple illustrations, but the 
principle is often extended. The cast-iron centres for the 
wrought-iron truck frames of cranes are made in this way 
(Fig. 200) The curb ring facing, boss, and bed are strickled 




Fig. 198, 
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in the bottom by a board working round a core-bar, the skeleton 
pattern frame is rammed around on this, and the top and bottom 
ai'ms, and middle ribs and boss, are formed by cores. 

Neither in making a plated casting is a whole pattern 
necessary. The familiar form of a tank-plate will illus- 
trate this. A frame is made corresponding in outside dimen- 
sions and in thickness with those of the plate, and to this 
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frame the flanges for bolting are screwed. When the pattern 
is rammed up and turned over, its position is that represented 
in Fig. 201. The sand within the frame is strickled over 
level with its upper face. The top box is then placed over it, 
and upon the level and hard-rammed surface of the frame the 




Fig. 200. 



top sand is rammed (parting sand of course intervening). 
The top is then removed, and the sand within the frame is 
Bcrapod out with a stricklo, shouldered to the same depth as 
the thickness of the plate (Fig. 201), after which the pattern 
is drawn out. This method is also applied in modified forms 
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to core-boxes as well as to patterns. In making tank-plates 
in quantity, however, it is usually considered cheaper to make 
the pattern solid, and so save the cost of strickling each time 
of moulding. This is merely a question of relative cost, and 
does not alfect the principle. 
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Oowdfl. — Bififcronoe between those of the Cabinet and Pattern Maker.— 
Wood Dowels. — Metnl Dowels. — Peg and Cup and Pluto Dowe's. 
— Methods of putting in. — Eapping Plates.— Lifting-straps. — Centre 
Plates.— Modes of securing Jointed Patterns in the Lathe. — Long- 
toothed Gauge.— Badius Finder. — Flange Templet. 

Though there are many points of similarity among those 
trades which employ the same materials of construction, each 
has, nevertheless, its own specialities — special tools, modifi- 
cations of tools, and modified methods of working. Cabinet- 
making, carpentry, pattern-making, and the cognate wood 
trades have many tools in common, yet each also has its appli- 
ances separate and distinct from the others. Likewise, boiler- 
making, smith's work, engine-fitting, brass-finishing — all have 
this in common — the manipulation of metals, and a know- 
ledge of the qualities which characterise those metals, besides 
the possession of some similar tools. Yet each trade, again, 
is so highly specialised that the man who works in one rarely 
has a thorough knowledge of the other. Taking this view of 
the matter, therefore, a few remarks upon the commoner 
specialities of the pattern-maker's craft in particular will, I 
trust, be in keeping with the scope of this work. 

Dowels. — ^These are in constant request in the pattern shop. 
But the dowels of the pattern-maker are used with quite a 
different piirpose from those of the cabinet-maker and car- 
penter. The latter must hold tightly in the wood ; the former 
simply act as steadies to pieces which have to be left loose in 
moulding. The purpose of the two being quite distinct, their 
forms differ also. The cabinet-maker's dowel is a parallel pin 
fitting tightly and glued firmly into each of the two pieces 
which are jointed together. The pattern-maker's dowel, on 
the contrary, fits tightly into one piece only, the other being 
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loft 80 easy a fit that the loose piece will come away with the 
top sand from the lower part of the pattern. But this does not 
mean ''slop," for too slack a fit would cause overlapping 
joints and inaccurate work. The fit should be good when tlie 
joints are closed up, and only slop when they are separated. 
Hence the dowel is parallel through one-half only of its length, 
and tapered like a print through the other half, the first por- 
tion being that which is driven homo, the second that which 
retains the temporary loose piece in position. 

Formerly, all dowels were made of wood in the pattern-shop 
—oak, apple-tree, birch — almost any hard wood was used. 
They were either turned in the lathe or else planed up in 
lengths in an angle-board, to be sawn off just as required, 
and the half intended for the loose fit filed taper with a safe- 
edged file. But in the good shops these have long since been 
superseded (except where rough and temporary work is con- 
ceraed) by motal dowels made expressly for the trade. Those 
are vastly superior to the wooden ones, being more accurate, 
less likely to become broken off or damaged, and conse- 
quently more durable. Two forms are shown (Figs. 202, 203), 



© © © 



€U- 



Ai< ~ 



Cb 



Fiff. 202. 




Fig. 204. 
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each of which are made in various sizes. The peg and cup 
dowels (Fig. 204) are made in brass, and are quickly fixed ; 
but the plate dowels are more suitable for permanent work. 

The brass dowels are put in thus. Say we have two pieces 
of wood prepared for a plain round core-box (Fig. 205). 
Square over from their two correspondingly true edges, two 
corresponding lines representing tiie centres of the dowels, 
measured longitudinally. On those lines gauge at equal dis- 
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tances from the edges other lines, the intersections of which 
will be the centres of the dowels. But we do not always want 
the trouble of squaiing edges, neither in all cases is it possible 
to get a square edge to work from. 80 a true way and ready 
is to lay a common pin in the joint with its head covering the 
spot where we want the centre of the dowel to come, and then 
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Fig. 906. 

to press the upper and lower blocks together. The pin-head 
will leave its impression on the two blocks, corresponding 
exactly with one another in position, and those form the 
centres for running in the centre-bit. Half a dozen or any 
number of holes may be marked thus if needed, and aU per- 
fectly true. This is so good and simple a method as to be 
preferable to the scribing of lines. 

Having the centres marked, bore holes, so that both shank 
and cup may be driven in tightly. Note that the portion 
which is driven into the wood is not screwed, as it may appear 
to be at first sight, but is simply grooved out concentric^y. 
The idea is, that the yielding grain of the wood being forcibly 
driven out of its natural position by the blow, wiU after- 
wards swell out and hold the dowels in position by filling up 
the inter-ring spaces. 

Tlie plate dowels are put in thus. On the underside of the 
female plate there is a ring (see figures). In the joint of one 
of the pieces of stuff to be doweUea bore a centre-bit hole, into 
which this ring shall fit tightly, the hole having a depth slightly 
greater than the length of the dowel-pin itself. Dropping the 
ring into this hole, scribe round the edges of the plate, remove 
' it, and cut a recess to that size, and equal to the thickness of 
the plate. Drive in the plate, see that it is flush with the sur- 
face of the joint, or, even better, just a shade under it, and 
screw in place. Then the male plate is dropped in, the top 
half of the pattern lowered over it steadily into required 
position and pressed downwards. The two points or nibs, a, a, 
which stand out from the back, will then leave an impression 
in the top of the pattern, by which we can, when turned over, 
sot the plute in tliut half and mai*k its oxact boundaries. Its 
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recess will then be cut, into which it will be screwed, and if 
done carefully no fudging will be necessary to insure a proper 
fit between pin and hole. 

Rapping Plates. — ^A pattern must be subjected to the pro- 
cess of *' rapping," else on attempting to pull it by main force 
out of the mould, all the boundmg edges of the sand would 
cling to it and become broken and torn up. But rapping 
loosens the pattern by slightly thrusting aside the sand which 
is in dose contiguity to it, and, so to speak, clearing its way. 
A holo is bored in the pattern, the pointed end of a round bar 
is thrust into this hole, and the bar is then struck sharply 
with a hammer on all sides in succession. Now this, as may 
be believed, is very destructive to the pattern, although essen- 
tial to the moulding. So plates of wrought or cast iron have 
long been substituted for the hole in Sie wood, the plates 
being let into the pattern flush with its top face. 

But a few years ago, perhaps a dozen or more, plates 
made of malleable cast iron became a speciality, and have 
gradually superseded the clumsier, and in the end dearer, 
home-made productions, so to speak, of the shop. They are 
neat, and are made in several sizes, of rectangular form. In 
most cases they contain provision both for rapping and lifting. 
Figs. 206, 207 show two different forms of these plates, a 




^ 
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Fig. 201. 



Fitf. 206. 



Fig. 206. 



being the plain hole for rapping, h the tapped hole for the 
reception of a lifting-screw (Fig. 208). The plates are let in 
similarly to dowel-plates, and are secured by the longest 
screws it is convenient to use. 

Lifting Straps. — ^When a large pattern has deep sides, a 
great amount of friction is set up between it and the sand, 
and it is lifted out with the foimdry crane. In most cases ojf 
this kind plates would bo useless except for rapping, because 
the strain put upon them in overcoming this friction would 
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tear them away from their attachment in spite of screws. 
Then wo put on lifting-irons or lifting-straps (Fig. 209). 
These are pieces of thick hoop-iron or thin wrought-irou 




r=5# 



VI9.SO8. 

bar screwed all down the side of the pattern, and bent 
round at the bottom to a right-angle. The upper end has a 
hole drilled to receive a rod for the hook of the crane. By 
making these straps somewhat thick, say J inch or iV inch, 
they can be made to fulfil another useful purpose in certain 
cases — viz. they will keep the pattern straight throughout its 
depth — an obvious advantage where thin stuff is otherwise 
scantily stayed. As they are used only with deep patterns, 
the fact of their standing out from the face of the wood to a 
distance equal to their thickness is attended with no inconveni- 
ence, because in such patterns either the middle or the outside 
of the mould must in most cases be lifted away for the purpose 
of rendering their faces accessible for cleaning up. Then the 
impressions left by the straps are filled with sand and levelled. 
Centre Plates. — These are indispensable to the pattern- 
maker. They are used for the purpose of securing the two 
halves of a dowelled pattern while it is 
beine turned in the lathe. Those illus- F»N^ ^' 
trat^ in Pig. 210 are used for work of /vTp 
small diameter, and the claws, a, are suffi- I) 
cient to insure security while turning, but x. I 
for larger work such could not be depended ^^ 
upon, and plates secured with screws Fig. 210. 

(Fi^. 211) are necessary. When centre plates are not used, 
as in small work, the stufE is secured with wood screws 
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(Fig. 212), which figure shows a roughod-out piece of ptuf? 
ready for the latlio, or, when the stuff is large, with " dogs " or 




Fig. Sll. 
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fife'. 212. 




Fig. 213. 
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" staples " (Fig. 213). But, even when it is not jointed, centre 
plates should be used with large work, because, without them. 
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both fork chiiok and dead centre work into soft yellow pine 
to a greater depth than is desirable, thereby increasing 
friction, and sometimes causing the pattern to run out of 
truth before it is finished. 

Long-toothed Gauge (Fig. 214). — This is in constant 
use in the shop. In gauging quick sweeps to paralh*! widths, 
or in ranging parts not on the same level, this is a most 
▼aluable tool, as useful in its way as the trammel with an 




Fig. sit. 



adjustable leg. The scribing point is capable of adjustment, 
and will gauge anywhere within the range of its length, 
4 inches or 5 inches. One face of the stock is flat, the other 
rounding. 

Centre Square or Badins Finder (Fig. 215). — A useful 
home-made article. It is made use of for the purpose of 
finding rapidly the centre of a disc, without rule, compasses, 
or geometry. On a piece of mahogany A inch thick draw 
a circle, say, 3 J inches diameter ; through its centre draw lines 
intersecting at right angles. Cut to one of these lines to a 
little below the centre, A ; drive two turned pins, a, a, through, 
on those points where the other line cuts the circle, and finish 
the edges to taste. When the edges of the pins are slid round 
the circumference of a disc, the edge a always points to its 
centre. The intersections of lines drawn from opposite sides 
of the disc will indicate the centra point. The limits of its 
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adaptability range between a diameter somewhat greater than 
the distance apart of the pins and one twice the length of the 
stem. This tool has been improved upon in an American 
article costing about 12s. 



r-j/. . 




Fig. 216. 

Among the numerous little time-saving appliances of the 
trade I shall mention one more. Every pattern-maker is 
aware of the difficulty of screwing 
body flanges quite accurately on 
pipes, by set-square or trying square, 
especially when the edges of the pat- 
terns have become damaged by long 
usage. A very simple artide by which 
the difficulty is minimised is shown 
in Fig. 216. It consists simply of 
three strips of wood fastened together, 
with sides parallel, and ends as square as they can bo made. 
Fig. 217 shows the templet in use. Its face is held against 




Rff. 216. 
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the face of the flange, while the screws are run in, one 
inside edge being of course in contact with the edge of the 




Fig. «1T. 



pipe itself. Half-a-dozen of these, ranging from 2 inches 
to 12 inches between their sides, will embrace all pipes within 
those limits. 
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CHAIN BABBELa 



V^diions Kinds of Barrels. — ^Plain and Spiral. — ^Barrels made from Loam 
Pattoi-ns. — Modo of Striking-up. — Barrels made from Loam Moulds. 
— StrlkiDg-up. — Bight and Left-handed Spirals. 

Many barrels are made quite plain around their drcumf erenoe, 
and then the chain can only lie at an angle (Fig. 218). The 
disadvantage with these is that the links are apt to override 



c: 
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Fig. SIS. 

one another, with the result of straining the chain when they 
are jerked into the normal position by a load pulling at them. 
Barrels grooved spirally to take the links in flat and vertical 
positions alternately are made with the purpose of obviatine 
this dangerous liability (Fig. 219). Bairels also not groovea 
with deep link recesses, but simply hollowed out spirally to 
take the links in angular position, without the danger of over- 
riding, are also made (Fig. 220). 

The pattern of the plain barrel presents no difficulty. The 
remarks made in reference to the building up of plain cylin- 
ders and columns will apply to these barrels. If smaU, they 
are made of solid stuff, jointed and dowelled of course; if 
largo, they are " lagged up " (p. 81). The flanges and their 
bosses are turned separately and screwed on the ends, and 
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the prints for the hole for the barrel-shaft are fastened out- 
side of these again. The spiral, whether it be a groove or a 
holloWi is marked out by points of equal division in the manner 



"j 




fig.si». 



adopted when making pattern screws (seep. 175). Thus if 
the pitch of the screw on our barrel were 3 inches, divide that 
into, say, a dozen equal parts, and divide the drcumferonco 
into precisely the same number. Through the successive in- 



r> 







Tig. 230 



tersections carry the thread. Mark another line parallel with 
the first for the width of the groove, and work with gouge and 
chisel. The central core is struck by a loam-board. 

But the cost of patterns of this kind, except where the same 
type of crane is being constantly repeated, bears too great a 
proportion to the cost of the castings. In such cases a plain 
oarrel already in stock, of the diameter of the bottom of the 
groove, is sometimes utilised by having load 
strips cast to the section (Fig. 221), and bent ^^^^^^^..^^n?;^^^^^ 
round and fastened with screws. Yet this is a ""'^ ^ ^^^ i 
clumsy method, and not to be reconmionded. A ^- ^^• 
better way, if the barrel does not exceed 20 inches or 24 inches 
in diameter, is to make a good loam pattern (sou Chap. XXIII), 
which, if well made, and protected with a coat of tiir. wilJ 
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Stand seyeral mouldings before it becomes rotten. If tlie 
barrel exceeds these diameters, a loam moidd (s^e Cliap. XII.) 
is our only cboice. 

To get the spiral groove, a good deal of rigging up is 
required, after which the process is as simple as possible. 
Let us take the loam pattern first in order. 



We require a loam-board grooved 
along its edge like the barrel \vLo?^e 
pattern it is intended to strike, bttt iu 
the reverse way. Evidently also bouio 
arrangement by which the board shiill 
travel a distance equal to the pitch ui 
the screw during one revolution ol tliu 
core-bar ; in fact, an apparatus) ais 
regular in its motion as a screw-cutting 
laflie. But it would be pre- 
posterous to think of fitting up 
change-wheels to a core-bar, 
so we devise some simpler but 
equally (for our purpose) effec- 
tive meUiod. Fig. 222 shows 
the arrangement. 

A is a block of wood turned 
to any size, say, a foot in dia- 
meter, and bored to lit loosuly 
over the «nd of the core-bar, u. One face of this is cut to form 
tlie face of a screw of exactly the same pitch as the spiral 
on tlie baiTcl. Two pieces of paper, equal in length to inner 
and outer circumferences respectively, and cut to the pitch — 
that is), tapering from 3 inches to nothing on their lengths — 
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and glued round tho innor and outer diamotera, give by their 
slant edges the lines by which the face of the block is to bo 
worked. On the back of the screw-block a face-plate of iron, a, 
is attached, and by moans of tho sot screws iu tho boss the 
screw can be adjusted truly on the bar. 

The loam-board consists of two portions — the lower, c, 
which strikes a loam body i inch or thereabouts less in 
diameter than tho base of the grooves, and the ends, the 
bosses, and the prints beside, not shown. Over this comes tho 
grooved board, d, which slides upon the bottom one by means 
of two hardwood pins, e^ o, working in slots, which, slots per- 
mit of its motion in a rectilinear direction over a space equal 
in length to the pitch of the screw. 

Now all is clear enough. After the loam body is struck up 
by the bottom board, the latter is of no further service save as 




Fig. tm. 



a base for tho spiral board. It is accordingly drawn back to 
clear the points of the screw, and tUe top board dropped into 
place by means of the pins, in a position corresponding witli 
the commencement of the screw-thread. A boy then turns 
the handle of the qore-bar, and while the core-maker daubs 
on the loam, another boy steadies the board whilst it is being 
pulled along by the screw a through the medium of tho 
tongue piece d, working against tho screw face. Immediately 
that it gets close to the extreme of the screw pitch the boy at 
the handle turns more slowly, until the shoulder of the screw 
is reached, when boy number two slides the board sharply 
back to the commencement of the thread once more. After 
this process has been repeated, say, eighteen or twenty times, 
tlie loam pattern screw is neatly finished, and is ready to go 
into the stove to be dried. The loam pattern, when struck up, 
has at this stage tho appearance of Fig 223. Tho flanges and 
facing bosses are made of wood, and bored to fit the loam 
prints. 
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Very large drums are so seldom in demand, that nsnnHy 
one casting alone is wanted at a time. Then, if the diameter 
will permit of a man standing upright within it to work, we 
make a loam mould. This requires a special rig-up, the same 
in principle, but differing in detail, from that last described. 
The same guiding- screw will bo used, but it will be laid in 




Fig. 224. 

the bottom of the mould in a recess specially struck for its 
reception by the bottom loam-board. The striking- board also, 
instead of being cut reverse to the screw grooves, as in the 
last example, will be cut like them ; because, in this case, it 
has to strike the actual mould and not the pattern itself. The 
apparatus for striking will still be made in two, but will differ 
from the last in these particulars. First, there will be the 
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ander plain board for striking the loam body, not as in tho 
last, i inch smaller than the base of the grooves, but tho 
conditions being reversed, J inch larger than their tips. Then 
the second board, its edge cut to tho shape and pitch, will not 
work in slots, but will be screwed to the first-mentioned one, 
and the necessary vertical movement will be accomplished by 
another device. Fig. 224 represents the apparatus rigged-up 
ready for striking the spiral. The top joint will have been 
struck before the screwing- tackle is put in. 

A is a block of wood carrying a small iron roller, enlarged 
at Fig. 225, which runs on the face of the guiding-screw, the 
block being fastened firmly to the bottom bar of the striking- 
board with wood screws, b is a counter- 
poise which, by taking the weight of 
the board and striking-bar otf the 
roller, allows the whole affair to run 
with very little friction, and leaves the 
moulder free to give his attention to 
the loam without much expenditure of 
muscular effort. When the board drops 
from the top to the bottom of the guid- 
ing-screw at the end of each revolution, 
a groove will necessarily be cut in the 
loam equal in width to the thickness of 
the board; this the moulder will fill 
up when wet, and dress off afterwards when dried. With this 
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Fig. 225. 




Fig. 22C. 



exception, the action is quite automatic; the moulder has 
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merely to move tlio board around, and see that tlie loam he 
throws against its face is of the proper consistence. Fig. 226 
shows hauLf a section of the middle part of mould. In cranes 
of heavy construction it is common to liave tv\o chains winding 
at once, one from each end of the barrel. This means a double 
spiral, right and loft-lianded (Fig. 227), and, of course, two 
guiding-screws, one cut to a riglit-hand, tlio otlier in a loft- 
hand direction. Tlio grooved board also wiU be only half the 
length of the other, and will strike the two screws distinct 




Thus, say the screw commencing at the centre of the barrel 
and running upwards is right-handed, while the other running 
downwards is left-handed. The grooved board will be screwed > 
on first for the top screw, and the right-hand guiding-screw 
put in the bottom. When it is struck, the grooved board will 
bo removed to the bottom, and the left-hand guiding-screw put 
in. The bottom screw is struck last to prevent its receiving 
damage from the tumbling down of loam from above. 

The making of the lugs, or recesses, as the case may bo, for 
the attachment of the chain or chains is too simple a matter to 
call for comment, and the making of flanges and boards, top 
and bottom joints, has already been described. 
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rhcory of Chilling.— Trolly-wheela.— dure of Diac.— OhilL— Top Box 
—Roller.— Jointing of Chill.— Wheel Naves.— Clips. 

The art of chilling castings properly is only to be acquired by 
lonff experience and observation. The theory is, that by the 
chilling of a casting the separation of the graphite from the 
iron is prevented, and combination takes place instead. The 
essential thing is so to mix various classes of iron together 
that a chilled face penetrating to any required depth may be 
assured. Consequently, it is somewhat of a trade secret; 
those who know how to chill keep the results of their experi- 
ence to themselves. But, as regards the pattem-makor, the 
only knowledge necessary to be^ imparted is how to make due 
provision for patterns whose castings have to be chilled. 

A chilled surface results when molten iron is run against a 
cold metallic mould. The crystals of metal 
invariably arrange themselves at right angles 
witli the cold surface, and they become white, 
hard, and of a steely nature. The regularly 
crystallised portion may extend from J inch to 
J inch in depth, and presents a most charac- 
teristic section when broken along the course 
of the needle-like crystals (Fig. 228). ^'^' *^'^^- 

Take a simple illustration in the first place. We want to 
chill a trolly- wheel so that it may resist the grooving action 
of the rail for a long time. We could not possibly chill a thin 
wheel without weakening it very much ; therefore it should 
be substantially proportioned round the rim. Properly, too, 
it should bo a plated wheel. We have several times had 
occasion to refer to the internal stresses set up in cast iron 
through the irregular cooling of different parts, and in par- 
ticular when treating of strap pulleys (p. 120) we mentioned 
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that the curved arm was adopted with the view of h^asening 
the liability to fracture arising from that cause. For the same 
purpose when we chill wheels, we curve, not indeed the arms, 
for arms are not so suitable here, but the discoid centre (Fig. 
220). The rim is chilled almost immediately that the fluid 
metal comes in contact with the cold iron ring, and con- 
sequently it has no further contractile power. But the centre 
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Figs. 229, 280, 281. 



being yet red-hot, goes on contracting after the setting of the 
rim. In a small wheel the natural elasticity of the iron will 
prevent any evil effects arising from this source, but a large 
one must either inevitably break or be liable to fracture at 
any future time through internal tension and stress. By im- 
parting a large amount of curve to the disc the wheel is safe, 
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provided, of course, that tho motal in tho boss is not in excess, 
and that the proper mixtures are assured. Tho disc "vidll 
accommodate itself to molecular stresses, and lose some slight 
portion of its curvature. 

First in order we tate the pattern.^ There will be no 
difiPeronce between this and any oi'dinary pattern of the same 
class. Build up in segments as usual and turn to templet. 
Then follows the chill. It is seen in section in Fig. 229, and 
in plan in Fig. 230. It is made wide, and bonded, otherwise it 
is liable to burst. Six or eight inches of metal In the chill will 
not be too much for a wheel of two or three feet in diameter. 
It is accurately bored to the same shape as the wheel rim. 
As the rim alone needs chilling, the two faces of the castings 
are made with a sand mould. The bottom face will be 
strickled, the strickle working on the edge of the rim (Fig. 
231). After having strickled the bed, the pattern will be laid 
upon it, and in the chill. Then the top box will be placed in 
position, and secured by its pins dropping into holes drilled 
m the top face of the chill, while the upper face of the pattern 
is rammed up. Or, instead of bedding in the sand floor, a 
bottom box can be used, and the pattern turned over. The 
mould, when cleaned and put together, will have the sectional 
appearance of Fig. 229. Fig. 230 shows it in plan. The 
rim will, if the founder mcies his mixtures properly, be 
chilled as hard as highly-tempered steel to a depth of from 
i inch to i inch, as desired. 

Suppose, however, that we have to make provision for 
chilling a roller for a turntable or for a crane, as shown in 
Fig. 232. It is quite dear th^t although the metal could be 
run into the chill, the casting .uld not be got out ; therefore 
in this case we must part our chiU. One way to part it would 
be through the centre in the plane of the wheel (Fig. 232, a, a), 
moulding in other respects 
as in the last instance. This 
would answer the purpose, * 
and the only objection to it 
would be the **fin,'' as it is ^- 232- ^ 

termed, or thin film of metal which forms at the joint. This 
could be ground off, however. Or the chill could be jointed 
in three in the lino of the wheel axis, and fastened with 
cottars passing through lugs. Of the two, the latter is, per- 
haps, preferable, though a little more expensive to construct 
(Fig. 233). 

Some castings are chilled through their inner diameters. A 
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wheel nave will illustrate how this may be done. Common 
wheel naves, with tapered holes for tapered axles, are not 
bored ; yet it is necessary that they should be smooth and 
truly circular, and durable beside. In order to effect these 
ends, a chill is often used in preference to a common core. 

Having the pattern presum- 
ably with its prints true, and 
the chill with ends corre- 
sponding exactly with the 
prints on the pattern, the 
one essential is that the 
chills shall always occupy 
precisely the receBses formed 
by the prints in the mould. 
This could not be insured 
in prints formed in sand, 
because the weight of the 
iron chill would displace 
the more yielding sand to 
a certain extent. 80 iron 
rings, bosses, or dips, it 
matters not which, are cast and bored to fit alike around the 
pattern prints and the ends of the chill, and these being 
either rammed up in the sand, or fastened to the top and 





Fig. 284. 
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Fig. 236. 



bottom respectively of the moulding box, retain the chill in 
place. Fig. 234 shows different forms of clips. Fig. 235 
shows them attached to the pattern. Fig. 236 shows them 
round the chilL 
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SCREWS. 



Principle of the Screw. — Diameter. — Pitch. — Striking out. — Entire 
Patterns. — Fitting the Segments. — Working to Shape. — Pile Screws. 
— Propeller .Screws. — Marking out. — Pai tern Blades. — Loam Screws. 

ScBEWS will range from a few inclies in diameter up to several 
feet. Thej will contain several revolutions, as in those for 
com elevators and brick machines ; or a single revolution only 
of the blade, as in pile screws; or fractional portions of two 
three, or four helices, as in propellers. We can also mould 
them from patterns, or strike them up in loam. To a young 
hand a screw appears a most difficult task — a veritable 
donkeys' bridge, the Pom Aainarum of his craft. How to get 
the necessary lines is by no means clear, nor, having got them, 
how to work the blades. But if the fundamental principle 
of the screw be borne in mind, viz. the development of an 
inclined plane around a cylinder, no real difficulty need be 
experienced in work of this kind. Details will vary, and a 
considerable degree of accuracy will be requisite, but a screw 
is only a screw after all, no matter how it may be modified. 

The diameter of a screw is measured across the tips of the 
blade (Figs. 237, 238). The pitch is the distance between the 
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Fig. 237. 



centres of the blade when it has made one revolution (Fig. 
237). So that a piece of paper shaped like an inclined plane, 
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equal in length to the circumference of the screw, as wide at 
one end as the pitch of the screw, from thence tapering to a 
point at the other end, will, when wrapped round a cylinder 




of the proper diameter, form a helix around its circumference. 
Similarly any number of revolutions could be formed by de- 
scribing corresponding lines on a sheet of paper long epough 
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Fig. 289 

to embrace the total number required, such lines to fulfil the 
condition stated aboTO, and to run parallel with one another 
(Fig. 289, A, A, A, A). 

But this, though a correct and ready method in the case of 
small screws, woidd not be quite so practicable with those of 
large diameter which are not cut from a solid cylinder. Some 
other method is desirable, and the following answers for a 
screw of any diameter, and also for the projection of the screw 
on the drawing-board. 

Divide both the circumference and the pitch into the same 
number of equal parts (Fig. 237) — 10, 20, 50, it matters not, 
so that they are equal; but the gi'eater the number of 
divisions, the more accurately will the screw be lined out. 
Through the successive intersections of these lines draw a 
diagonal, right or left handed, as required, and this will 
represent the line of the screw thread — either its edge or 
ce^itre, whicliever wo choose to elect (Fig. 237). 

If we had to make a screw either with one or with several 
rovolutiouft and of small diameter, we could cut it out of the 
solid stuif, as we did in the case of the worm (Chap. V., p. 34). 
But such a course would be open to this objection — that the 
fibres (tf the grain would be no longer than the thickness of 
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the screw blade, and our pattern wotdd beoome damaged or 
broken by a very sliglit amount of ill-usage. Hence a better 
way — ^the correct way, in fact — is the following. First joint, 
dowel, and turn up the body of the pattern, i.e. the solid 
portion round which the helix turns (Fig. 238, 240, a, a). 
Evidently the pitch of a screw at the base must be equal to the 




Figt.MO. 



pitch at the point. So we mark our inclined planes diagonally 
across, imiting the lines which represent the pitch, with the 
edges whidi complete the drcumierence, on a piece of paper 
of the breadth of the screw body, and of length equal to its 
circumference (Fig. 239, a, a, a, a). Parallel with these lines, 
and at a distance from them equal to the thickness of the 
screw at the root, we mark other lines, a, a, a, a, and then glue 
the paper round the turned body. Ilie space inclosed by 
these parallel lines represents the width of a groove which is 
to be channelled out about ^V inch deep, with saw, chisel, and 
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templet, to receive the actual screw. When the groove is cut 
the body will have the appearance of Fig. 241, which repre- 
sents the body of the pile screw (Fig. 240). 

Then for the actual thread, get out a number of segments 
roughly, like miniature propeller blades, long enough to reach 
from the bottom of the groove to a little beyond the screw tip, 
say i inch, and a little thicker than the thickness of the screw 
at the roat or base. The width will be immaterial — say a 
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sixth of a revolution each in a Bmall pattern, a tenth or a 

twelfth for a large one. Let the grain fibres nm towards the 
centre of the screw's diameter to afford 
the greatest strength (Fig. 242), which 
represents three such roughed out blades. 
Each of these pieces must now be fitted 
in succession with gouge and chisel in 
the grooTCS preyiouslj cut, and the 
centre line of each piece should stand 
approximately square with the axis of 
the screw body. As these are fitted in 
succession they must be held in place by 
means of screws run in from ihe joint of 
the body. When the desired revolution 
or number of revolutions is complete, 
Tig. 242. replace the body in the lathe, and turn 

the edge of the blade to the proper diameter, holding the 

tools with a firm grip to avoid a smash. 

This being done, mark on a strip of wood the number of 

divisioDs into whidi it is intended to divide the pitch (Fig. 

243) ; lay this on the lathe rest, 
""1 and with a timber scribe set 
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off corresponding lines on the 
^»»- 2*3. revolving pattern. Then divide 

the circumference into the same number of equal parts as that 
into which the pitch is divided. Through the successive 
intersections of these lines draw a 
helix by means of a narrow blade of 
thin steel bent around the edge (Fig. 
244), which represents the pattern at 
this particular stage. Previous to 
markmg these divisions, especial care 
should be taken that we start square 
with the body. A good way to begin 
at right angles is to take the pattern 
out of the lathe before marking out 
the point of the thread, unfasten the 
joint, and mark a centre line on the 
blado in tJie joint with a square. This 
producied to the outside will form a correct stai*ting-point for 
the subsequent dividing out. 

The thickness of the screw at the tip will be pricked with 
compasses and marked equidistiintly from the centre line, 
using the bent steel, as before, to run the lines roimd. The 




Fig. '244. 
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BegmentB forming the helix will then be all unscrewed at the 
joint, and one by one worked to shape. This simply consists 
in cutting $traigld outwards from the thickness of the root, 
g^ven by the width of the groove, to the thiokness 
at the tips last marked (Fig. 245). A rebate plate, 
slightly rounded on the face, is the best tool for this 
purpose, and the work must be tried with a straight- 
edge from time to time, to be assured that every 
line running to the centre is straight, and not 
rounding or hollow. Clean up with glasspaper 
and replace in groove. ^^*- *** 

If our screw bo a small one, say of not more than 10 inches or 
12 inches in diameter, these blade segments can now bo finall} 
and permanently fixed in place. For a small screw, oven 
though it have a good many revolutions, can, if worked care- 
fully, be drawn, or rather screwed, out of the sand by a spiral 
twist. But if the sorew be one of two or three feet in 
diameter, the friction of the sand against its sides is much too 
great to allow of this. In such a case each segment must be 
drawn separately. This is only possible by allowing the radial 
joints fuU freedom to slide over one another; hence screws 
and brads cannot be used to keep those joints flush in tho 
mould. Yet they must have some steadim ent during 
the process of ramming up, and this can be aif 
by an oblong dowel at the tip of the thread 
246). Each segment piece which contains 
dowel-hole can then be drawn out, followed by the 
piece oontaing the dowel. The screws in the joint 
of the body retain the segments in their grooves during ram- 
ming up. After they are drawn, the body is lifted out and 
the segments follow singly. 

The taper of the pile screw (Fig. 240, a, a) is given after the 
screw is worked. It is marked round with a pencil, the eye 



of its shape, or the entire circumference may be 
divideiTinto a number of equal parts, and in each division, 
beginning with the first, a corresponding division will be 
pricked, proportional with the required amount of taper. 

In making the pattern for a propeller screw, precisely the 
same principles of design will guide us as in the previous case, 
but our mode of working wiU he greatly modified. 

Say we have to make a common screw of 6 feet diameter and 
12 feet pitch, by pattern. It may be two, three, or four-bladed, 
that is, it will contain segmental portions of two, tliree, or 
four helices. Our first care is to strike it out Fig. 247 shuws 
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a three-bladed propeller, though not a working drawing ; foi 
in practice it is not necessary to strike out the whole screw. 




Fig. 847. 




blade 



Fig.SiB. 



All we need take is some aliquot part of the circumference, 
and a corresponding proportional part of the pitch, from which 
to get our data. Usually we want the angle at tip of screw, 

and a single developed blade 
with a boss section. The 
blade is developed as shown 
in Fig. 248 in order that the 
pattern-maker may prepare 
his templet strips for the 
guidance of the moulder, 
those strips corresponding 
in shape with the sections 
drawn across the blade. The 
angle at tip is required so 
that a templet may be cut 
for the building up of a pat- 
tern blade, or a sheet-iron 
guide made for the striking 
up of a loam bed. Imagine 
the circle formed by the tip 
of the screw to be unrolled — 
that is, take the circiimf er- 
ence of the circle, in this case 
18 feet lOiV inches, and let 

-.PITCH 12'. 0" ^ t^^^ form the one side of a 

^g. 249. right-angled triangle (Fig. 
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249), the pitoh of the screw, 12 feet, being its base; then 
the angle the hypothenuso will make with the side will repre- 
sent the angle of the tip of the screw. 

This need not, however, be drawn to full size, since in 
equally proportioned triangles the corresponding angles are 
equal to one another. So we can make it to any convenient 
s(»tle, and measure upon it the actual breadth of the screw 
olade, and divide into as many parts as we divide the radius 
of ike screw into, a, h, e, d, e, f (Fig. 248). These lines will 
represent the respective angles made by the screw sections at 
those points. 

When a pattern blade is made, it is built up in overlapping 
strips, as shown in Fig. 250. The strijps, it will be observed, 
are planed to a uniform thickness of i inch or 1 inch, so that 
when glued together their squared edges form 
on exact guide for the dressing off to shape. 
Work from end to end with pl^es, remember- < 
ing, as before, that every Ime running from 

centre to circuniference is straight. If the pattern 

blade is to be used for casting an entire propeller, ^ jso. 
the most convenient way of doing so is to make 
a core-box, put the blade into it, and make as many cores as 
we require blades. The things to be noted is that the angle 
at the segmental boss is suited to the number of blades, 90° 
for 4 blades, 120** for 3, &c. If a core-box is not used, the 
blade is attached to a centre bar, and rammed up as many 
times as there are blades in the propeller. Movable top plates, 
or drawbacks, are used to carry the sand over the blades. 

In striking up screws entirely of loam, templets of sheet- 
iron are required, somewhat longer than the blade of the 
screw at its widest, and deep enough to take the amount of 
inclination which the pitch gives to each blade. The lower 
edge being supposed to remain truly horizontal, the top edge 
is out to the angle of the pitch, and the plate then bent 
between rolls, to a circumference somewhat larger than that 
of the screw tips, is set in position around the bottom plate, 
and held upright by stakes, or other suitable contrivance, 
driven into the foundry floor. Then, on the building-np plate 
and underneath the places which the blades are to occupy, 
the moulder bricks up three sloping beds, filled in with ashes 
for the escape of the gas, and covers them with loam struck 
to shape either by a boaid working round a central bar, or by 
a straightedge working across from an inner to iiie outer 
templet. The pattern-maker now has to provide outlrae and 
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8ecti(iii9 of blades. The best way to get the outline is to make 
a templet from the drawing, either in tin, brown paper, or 
thin wood, and to mark its shape on the loam with a scriber 
passed around its edges. For the sections, get some strips^ 
wood cut to the respective cross sections of the screw (Fig. 248)\ 
or, better still, strips about i in. thick cut to section, but cast in 
lead, and bent each to the curve of the radius at its own par- 
ticular section. These are set upon the loam face in tneir 
proper positions, and their puipose is to afford a sufficient 
guide to tlie moulder in getting the proper blade sections. 
This he does by filling in the intorsiict^s of the strips with 
loam or sand, and strickling it off level with the curved upper 
faces of the same. The central boss is either made in loam 
or wood — usually the former. Parting sand being strewn on 
the blade surfaces, the tops are rammed up in green sand, or 
as is usually the practice in large foundries where a stove is 
available, in loam, to be afterwards removed and dried. The 
templet strips, and their interlying loam, when taken away, 
leave the bottom face clean, and ready to receive the dried 
top parts for final fixing and casting. 
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FOUNDRY REQUISITES. 

MouMing Boxeg.— Their Proportions. — Details of Parts. — ^Variations in 
Type. — Box Parts. — Dimoosions. — Pattern Work for. — Swivels.— 
Lag4. — Q^s.^Bock Plates. — Core Rings. — Oaggers. 

MouLDiKO boxes or "flasks" are rough arddes which any 
one can make ; yet, like everything besides, if one were told 
for the first time to make a pattern for one of these, he would 
be in doubt what proportions to give to it. 

In the first place, then, the size and shape of the box will 
be decided by that of the pattern which has to be moulded in 
it. There should be two or three inches of sand on each side 
of the pattern in the narrowest portions, and from three to six 
inches on top and bottom — less in the case of small boxes, 
more in that of larger ones. It is most essential that a box 
^ould be rigid, even if that involves moro cost in metal and 
some extra ranmiing up of sand. There is an immense fluid 
strain on a large moulding box when the metal is being run 
in = head x sp. gr. X superficies of mould. Also in the 
lifting about and turning over of the box, with its weight of 
contained sand, there are considerable straining forces at 
work. A flimsily proportioned box will spring, causing por- 
tions of sand to become loosened, to the endangering of the 
mould and the casting. The liquid pressure of metal will also 
tend to open its joints and make the casting disproportioned. 
For these reasons the metal in a moidding box should be 
heavy in proportion to its size. A box soon pays for itself, 
ttnd the metal is always worth its first cost. 

Usually the top part of the box has vertical bars, and, unless 
in cylindrical work, the bottom part flat bars. In boxes 
for cylindrical work there are vertical bars in both top and 
bottom. If there is a middle part it is usually without bars. 
The vertical bars should be brought witliin about } inch of the 
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joint edge of the box, Bud within the same distance of the 

pattern they are to inclose. The edges of the bars 

^ next the pattern are chamfered (Fig. 251). They may 

P be placed from five to seven or eight inches apart in 

y the box, contingent upon size and circumstances. In 

. common with the box sides, let them have plenty of 

^^' ** taper — from J inch, to J inch. 

Strong lugs are placed at intervals on the box sides (Fig. 
252, a, a), to carry the pins which connect the parts together. 
During casting the latter are kept close, either oy weights or 

cottars ; in the latter case cottar- 
ways are out through the pins. 
Swell pieces (Fi^. 252, A, h) are 
put on the ends to impart strength 
and to give extra thickness for 
the swivels, tf, e, to carry which 
pocket prints are fastened on the 
swells. Flanges are often cast 
round the top and bottom 
edges, d, both for convenience of 
turning the box over and for 
the attachment of fiat stay plates 
to support the sand in deep 
vertical casts, such as (flinders 
and plungers. For lowering 
boxes into the foundry pit by 
the crane, or for rolling over, 
handles, e, e, are often cast on 
the sides, to carry which pocket 
prints will be needed. 

But the forms of boxes vary 
widely, and the patternmaker 
has to exercise his judgment 
both in designing and in making 
complete patterns, or sectioned 
parts for them. 

The aim in a well-regulated 
foundry is, not to multiply the 
number of boxes more than is 
necessary. But this main object 
is controlled largely by the class of work which is done in a 
firm. Jobbing boxes, that is those which are taken and 
used for various odd jobs that come in, are only buitable for 
those shops which do a gouerol class of work. When a 
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firm's work is specialized, or when certain sections of it are 
specialized, then special boxes are made, each box to suit one 
pattern or group of patterns. 

The box illustrated in Fig. 252 is a standard one suitable 
for pieces of work of greater length than breadth, and it 
would be employed for short len^his of pipe, short columns, 
stanchions, etc. But for many kmds of work the semicircular 
bars in the top would interfere with patterns that would 
otherwise go in the box, tf.y., girders and other examples of 
sections mainly rectangular. For dealiog with these, vertical 
bars are still retained, but they would be shallow. Sometimes 
then they stand up a long way from their patterns and deep 
liftering has to be resorted to to sustain tho sand. But when 
long pipes and columns hare to be moulded, such boxes, even 
though of sufficient length to take the patterns, would be very 








Fig. 253. 

wasteful of labour and sand. Boxes having tapered sides, 
Fig. 253, are made for these; each taking one standard 
size, or two or three standard sizes of pipes or columns, 
according to the volume of work done. In the standard boxes 
the bars are cut to come within f or J inch of the pattern 
everywhere, the aim being to lessen sand, liftering, and 
weight. 

In I he case of very heavy boxes a compromise is sometimes 
made in order to lessen the storage room required and the 
weight of metal. Box frames are cast entirely destitute ot 
bars of any kind, and loose bars are fitted with short flanges, 
through which bolts attach them to the frames. In very 
large boxes the frames themselves are occasionally cast in 
four pieces, — two sides and two ends, and united with bolts 
passing through flanges. These devices are not suitable for 
boxes in constant service, but for those only which are required 
at occasional intervab. 
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The type of box shown in Fig. 252 is a ** two-part'* one, 
comprising **top" and "bottom/* or ** cope "and **drag.** 
But many moulds require three or more parts, top, bottom, 
and "middle," or middles, since there is often more than 
one of these. Fig. 254 represents a box of this class, com- 
prising top A, middle b, bottom c. The plan view above is 
taken through the middle. The top has vertical bars c( ming 
within f inch or 1 inch of the joint face, the middle has no bars, 
but internal flanges which assist in retaining the sand in place, 
and upon which also rods are often laid to assist in supporting 
the sand, or upon which grids are laid. Such boxes are kept 
in a large range of dimensions, some oblong and some square, 
in sizes ranging from about 2-feet to 12-feot or 1 6-feet, depend- 
ing on the classes of work done in shops. The depth and 
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thickness are suitably proportioned to size, so that while a 
2-feet box may have its " parts " from 4 to 6 inches deep, by 
f inch in thickness, the parts of a 1 2-feet box would be from 
10 inches to 12 iiiclios deep and 1^ inch in thickness. Usually 
two or three middles are made for one top and bottom, aU 
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mutually fitting for convenience in making up boxes for deep 
work. This is better for general service than making one 
deep middle^ which would be useless for shallow moulds. 

Sometimes a middle part is utilized as a bottom part by 
bolting a grid frame on one of its faces. This is easily de- 
tachable, leaving the middle intact. 

The general arrangement of flat bars in boxes is seen in Fig. 
254, p. 232. As they always lie upon the floor, the sand in the 
bottom is thus adequately supported. In the top, such bars 
would be useless as supports to the sand, and they would, 
moreover, interfere with the work of ramming. The vertical 
sides of the top bars do not interfere with ramming, while they 
afford large faces against which the sand is held by friction. 
The distances at which they ore fixed apart are proportional 
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to tlie sizes of boxes, ranging from about 4 inches to 8 inches. 
Except in the smallest sizes only, cross bars are also fitted, the 
arrangement of which is shown in Fig. 255, which is a top 
fitted with strips, a, against which stakes are driven into the 
sand when work is moulded by bedding in the floor. 
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Frequently the central portion of these boxes for a space of 
16 to 20 inches is left as a square space destitute of bars, to 
facilitate the bringing off of a large central vent, or vents, or 
for inserting a runner and vents, see Fig. 257. In boxes 
made for special castings only the bars are arranged to suit 
the runners, risers and vents. 

The smallest boxes used by iron and brass moulders have 
no bars, but are cast with internal fillets, Fig. 256, which, with 
the friction of the sand against the box sides, are sufEcient to 
sustain it. The smallest boxes are cast without handles, 
those of from about 12 inches to 18 or 20 inches are east with 
looped handles of wrought iron. 

Circular boxes are properly used for circular work, as being 
more economical of sand and labour than square ones. A 
plan-view of a circular top is shown in Fig. 257. These are 




Fig. 256. 

made as top and bottom only, or top, bottom and middle, 
similar to other boxes. 

As a general rule full patterns are not made for moulding 
boxes. The method of procedure is as follows : — The pattern 
framing is made about f inch deeper than the actual 
box casting when the mould is to be made in open sand, in 
which case the metal is not allowed to quite fill up the mould. 
The various outer attachments are fastened on, and mould with 
the framing, but the bars are moulded in detail. Three bars 
are prepared, with cross bars if such are required, and the 
moulder rams up two of these at a time, setting them by 
marks, scribed on the top edges of the box framing by the 
pattern-maker. When two bars are rammed they are with- 
drawn and removed to the next position and the third bar is 
inserted in the mould adjacent to prevent the sand from 
becoming rammed down there. The economy of timber and 
time which is effected by the adoption of this method is 
considerable in long and large boxes. Only in the case of 
boxes the bars of which have to be cut closely to irregular 
contours, as in the case of some standard work, is it necessary 
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to fit all the bars in the pattern box. In these rough foundry 
patterns varnish is not used ; often they are left rough from 
the plane. Sometimes, however, in these, as in other heavy 
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patterns, the deeper faces are seared with a hot iron, sufficiently 
hot to scorch, smoothed over the surface. 

The swivels and the looped handles of wrought iron are 
cast in place in prints of suitable shape. 
Pocket or drop prints are used for the first, 
and prints of the same shape as the loops for 
the Eecond. The ends of these are divided 
out as seen in Fig. 251, p. 232, and jagged to 
enable them to hold better. The metel also 
is increased around them. 

Lugs may be drawn inwards, but they are 
better made in cores. The section of a core and 
lug is seen in Fig. 258. Standard boxes for lugs 
of each size are properly kept in the foundry. 

Grids are moulded from standard pattern grids of fair size, 
larger ones being made by shifting the pattern, smaller ones 
by stopping ofF. 
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Back platos are made in open sand from open framed patterns 
Btrickled out in the centres. The holes are cored by measure- 
menty often without prints, the cores being retained in placo 
by an iron bar serving as a weight. 

Ooro vines are moulded from sweeps supplied by the 
pattern maker, the prods being stamped from a standard 
pattern prod. 

GhLggers are moulded in quantity from a number of plated 
patterns. A bed is first leyelled and the g^ggers moulaed by 
stamping or pressing them down with the plate. 
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CHAPTER XXIX. 

HEAVY MACHINE WORK. 

Variety of Types.— Hollow Framing. — Flauiog Machine Bed. — Looee 
Stripe.— Cored Portions. — Taper. — Standard of Machine. — Chnplet 
Blocks for Cores. — Travellinti: Tahle.— Open Joints. — Wall Drilling 
Machine. —Radial Drilling Machine. — Boxing up. — Core-box. 

This includes types of so many different kinds that the barest 
description of them would be incompatible with the general 
scojpe of this book. Lathes, drilling, shaping, planing, 
boring, slotting machines, steam hammers, punching) shear- 
ing, riveting machines^all of them engineers' tools. The 
subject is both varied and attractive in the highest degree. 
But we shall find it more to our advantage to take two or 
three of the principal and more typical castings, and to 
thoroughly understand the construction of their patterns, 
than to rim over the whole field in a cursory and superficial 
manner. 

One thing strikes the most casual observer who walks 
through an engineer's shop — the massive appearance of the 
framework of vie machines. Everything has a solid-looking 
exterior, contrasting veiy markedly with the old skeleton-like 
types that linger yet in some of the older firms. But these 
ponderous-locking castings are really most economical of 
metal, since they are hollow, the form which best combines 
lightness with strength, their thicknesses ranging from about 
J inch to 1 inch or H inch. 

The lathe furnishes the oldest type of the engineer's tools, 
and contains in itself the essential principles upon which 
many others very diverse in appearance are constructed. 
Without the automatic slide, not onl^ would our lathes have 
remained in the same rude condition m which they were found 
by Henry Maudsley, but those other machines whose value 
depends on tae parallelism of their faces would have remained 
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in the limbo of oblivion. Postponing, however, the discussion 
of lathe matters to the next chapter, we pass at once to the 
machine which comes next after it in importance— the planing 
machine. 

Looking at its bed (Figs. 259, 260) we observe the Y-shaped 
grooves for the sliding table, running its whole length, and 
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projecting several inches within the sides. They are planed 
truly linear and smooth; hence they must mould downwards. 
Moulding thus, it is necessary that they should be left loose, 

and the best way of jointing is 
K^yr^ to dowel as shown (Fig. 260). 
jw. r^ After the main pattern is re- 
■j] moved, and the middle sand 
cores (a, a, a, a, a) are lifted 
out, mese strips could be 
drawn upwards but for one 
obstacle — ^the overlapping por- 
tions, hj h, projecting beyond 
^ectLatvofBecb. the outer edges. These, there- 

F*ff*»- fore, should be wired loosely 

on the already dowelled ]^ieces, to come in after their removal 
Or, if the hollow on ^ is not undercut, the Y strips entire 
may be drawn in after the removal of the bed by a sidelong 
motion in the direction of the arrow — ^that is, of the outer 
Y face. Sometimes, however, the Y's are taken out with 
Cores, in which case the print o (left-hand side) would prevent 
the removal sideways, and the outer piece must be left loose. 
The cross-bars, i^ are cored out (Fig. 261) with the view of 
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lightoning them, and thin prints for that purpose are fastened 
on the back and lifted in the top. The outside faces of these 
cross-bars, together with the sides of the bed, should have at 
least j^ inch of taper, or more if the bed be large. The 
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blocks, D, D, upon the sides fPigs. 259, 260) are for the 
attachment of the upright standai^ and are cored out with 
prints, ey e, screwed against their sides. 
The bosses in the comers are for the 
purpose of receiving the bolts which 
retain the two parts together, and are 
placed in the core-box (Fig. 262) at a 
distance below its edge equal to the thick- 
ness of the prints, ^, e. These blocks and 
the cross-bars are "boxed up" (Chap. 
Xni., p. 104) and attached to the sides 
with screws. The feet are worked out of 
solid stuff and screwed on permanently, 
as also is the fillet or moulding running 
round the bottom edge. The bosses for 
carrying the driying and quick-return 
shafts, &c. (not shown), must all be wired 
on loosely. Such a bed should have 
lifting straps down its sides (Chap. 
XXIV., p. 205). 

It may be mken as a rule in ribbed 
or flanged castings that plenty of taper 
should be given to those faces which are 
not working parts. Strength is not sacri- 
ficed — the average thickness being main- 
tained — and the risk of the breaking up 
and damaging of the mould is vastly 
diminished. Also, round all parts that can be rounded — the 
edges of these cross-bars for instance— a rounding edge having 
a more graceful appearance than one quite angular. 

The standard (Fig. 263) is either ** Doxed up " or made of 
solid bars mortised together. It moulds upon its side with 
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the face which holts to the bed downwards, and a print is 
screwed on this joint face to carry a portion of the lightening 
core. One pattern will suffice for both standards, by reversing 
the parts from one hand to the other. The core will cut 
through on the bottom — the top— the joint face, and on the 
slide, but no prints will be required save that one on the joint 
face just mentioned, which bolts ag^ainst the machine bed. 
Elsewhere the core will be supported and steadied by chaplets. 
In nearly all largo hollow machine castings chaplots furnish 
the chief suj^port to the cores, prints being available to but a 
limited extent. In their rudest form they 
f^^?\ are simply thin plates of hoop iron, into which 
\<i^^ a bit 01 wrought bar of the necessary length 
|-"T^i'.^ is riveted, the opposite end of the bar being 
y^t/^o steadied against a bar of the box, or a cubical 
I'y'-C. wooden chaplot block embedded in the sand 
;V ' (Fig. 264). These chaplets, arranged at the 
*" discretion of the moulder around the other- 
iig. 2C4. ^[qq unstayed portions of a core, effectually 
prevent the liquid pressure of the metal from thrusting the 
core against the side of the mould. 

The core-box for the main core of the standard will be 
made as shown in Fig. 265. It is very similar in appearance 
to a pattern partly boxed up. The strips which form the 




Fig. 966. 

bottom of the box may be battened together, and should be 
at least H inch thick. The sides will be abutted together first, 
and then after being sustained with stout blocks glued and 
screwed into their angles the radii will be worked, the whole 
of this portion of the box being kept in position on the bottom 
board with dowels. The groove for the nut for the vertical 
screw is cut through the side of the box at d. This core does 
not include that which cuts through the joint face block. This 
will be made in a distinct box, similar to Fig. 262, and laid 
in the mould first, the main core being subsequently laid 
upon it. 
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Looking at the travelling table (Fig. 266) we see a recessed 
portion at each end dropping a little below the T-hoadod bolt 
recedes We shall take advantage of this fact, and make 




Fig. 268. 



our table in such a way that it cannot get out of truth. The 
plate will be formed of two thicknesses of stuff, the lowermost 
thickness being ecj^ual t > the plate at its thinnest (Fig. 267, a), 
the uppermost equal to the thicker portion, b. The thinner 




SecUarv of TahU 



Fig. 267 



pieces will be equal to the table in length, and sufficient in 
quantity to make up the width. We shall not glue these 
pieces edge to edge, but joint with open joints ; that is, leave 
about J inch between each strip of timber. If we were to 
glue our pieces together in a pattern so wide, a few hours of 
exposure in the damp sand of the foundry would expand the 
wood sideways, and either make the pattern too wide or else 
curve it. The open joints allow of localised extension, and so 
the bounding edges of the pattern remain unaltered. On the 
lower longitudinal pieces thus jointed, screw in a transverse 
direction sufficient stuff to form the thicker portion, b, also 
with open joints. We shall thus have a rigid table that will 
not go out of truth either by the action of damp or heat. 

Upon this we put the remainder of the work, very simple 
mdeed. The long V-shaped sliders have narrow planing 
strips wired on their sides (Fig. 267, <?, <?). Strengthening 
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ribs are often placed crosswise underneath on heavy tables- 
dj d. Sometimes in the larger machines the sliders are 
lightened out at intervals wi& rectangular holes, in which 
case pocket prints on both sides will be used. A T-headed 
groove is run along one edge (frequentlj along the bottom) 
to receive the tappets. The core for this will be Sxed by a print 
wired on e. The prints on the face of the table, / (Fig. 267), 
for the T-headed Dolts, need onl^ be shallow, i inch or i indi 
deep, and the cores will be made m short lengths, say 18 inches 
or 2 feet, placed end to end, as also will be those for the tappet 
groove. It will aid the moulder if all the work on the under 
side, sliders, and ribs is left dowelled, to come away with the 
top sand, rather than that the top sand should be dragged 
away from them. The lugs, y, y, are for attaching the 
travelling rack to. 

A plam wall drilling machine is made almost precisely like 
the casting. The plate or web is not cut from tlie solid, but 
halved together with half lap joints, and the ribs, having 
about i inch of taper on their inner faces, are screwed fast 
upon both sides of the web. The bosses for spindles are cored 
out, if cored at all, with pocket prints. But the case is not so 
simple when we have to do with more massive frames, or with 
radial machines. A heavy, solid-looking frame is boxed up 
and cored out like the planing machine standard just described, 
but the core-box is often more difficult to make. Especially 
is this the case with large curved brackets, having their curves 
irregular and in different planes. Careful measurements 
taken from plan and elevation views are then essentiaL With- 
out such care, the thickness of metal in the casting will vary 
considerably, and after the pattern-maker has done his best 
the moulder will often detect variations in thickness by means 
of his dav templets. 

If to the remarks already made we add a description of a 
radial drilling machine, enough will have been said to enable 
a reader of ordinary intelligence to understand the construc- 
tion of any of the common machine castings of this type. 

Looking at it (Figs. 268, 270), we see that the top and bottom 
portions are projected upwards and downwards to form bear- 
mgs for swivel movements ; the back is hollowed out deeply 
to receive the vertical spindle and gearing, and the Vee'd stnps 
are cast on the horizontal arm which stands out at right-angles 
with the vertical axis of the machine. We can only mould it 
in one way — on its side, -with the Vee'd face downwards. 
Evideiitlj', then, the hollow back must be taken out with a 
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core, which core must be supported by a sufficiency of print. 
Then there is a boss for horizontal telescopic spindle, with 
abutting ribs, and between this boss and the radial arm there 
is an intervening space, d, to be taken out. 






J_ 
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We shall decide to joint our pattern along the longitudinal 
centre — that is, through the centre of the boss and rib. Being 
large also, we will box or lag up each half in preference to 
using solid timber. It will be lighter and less liable to get 
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Fig. 869. 



out of truth. Make four or five blocks (Fig. 269, whidi 
represents one half the pattern, looking against its joint, and 
a section also), a, a, a, a, dowelled togemer, and glue and 
screw lagging strips, h, h, h, h, across these, to include ooth the 




curved portion of the pattern and also its print, bringing the 
print edge level with the termination of the pattern side ( Fig. 
270). The rounding ends and tha swivel prujectiuus will be 
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prepared as eeparato pieces, and screwed against the ends of 
the iag^tuig. The radial arm will be a plain piece of wood to 
which the V oe's will be screwed fast. It will be fitted against 
the rounding body at its due distance from the boss centre, 
and the bracket, <?, attached to it. The spindle boss and its rib 
will be made in halves and screwed in place. The pattern 
itself is now complete, but the space, d, between the boss and 
arm is rather awkward. If but one or two castings are 
required let it remain so, and the moulder will use a draw- 
back ; but if for standard use put in a print, and make a core- 
box for the recess. 

Fig. 271 is a section of the core-box, which takes out the 

back of the vortical portion. It is made, as is usual with 

rectangular boxes, with two sides and two ends 

grooved in. Into this a block of wood worked 

to the shape of the inside of the vertical pillar 

is dropped, a, the ends of which are curved 

^ectum^af just as the edges of the casting are curved. 

GrreBo<x> ffj^^ j^gs for carrying the spindle are shown 

iig. 271. Q^ 3^ eajch having a pocket print on opposite 

sides, and a loose boss wired on. 

There is much similarity in these machine castings. When 
we are conversant with one type of frame, and the method of 
making and moulding it, we see, almost as if by intuition, 
how to make one of a different dass, yet to which the same 
methods will apply. Almost all will be resolved into two 
kinds, the ribbed and the solid. Of the one the planing 
machine bed may be taken as a type ; of the other its standard 
and the radial drill furnish illustrations. Large slotting, 
shaping, punching, shearing machines, and so forth, are all 
boxed up and cored out ; lathe beds, many drilling and boring 
machines, have a ribbed framework. The patterns are made 
strong and substantial, and instead of being varnished are 
usually painted. 
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LATHE MATTERS. 

Lathe Beds. — ^Advantages of Coring Beds.— Boxing up. — Attachments. 
— Core-boxes. — Saddle for Slide Rest. — Transverse Slide.— Standard. 
— Headstocks. 

Thebb are two ways of makine lathe beds : one is to construct 
the pattern like the casting, leaving certain parts loose, and 
giving due taper both to external and internal portions ; the 
other is to box up a pattern, and to core out the internal 
portions. Of these two methods I am going to describe the 
latter, because with a cored-out pattern there is less chance 
of an untrue casting being produced, such a pattern being 
less liable to become rammed winding, or otherwise out of 
truth in the sand. If I were going to make a small bed such 
as this is for myself, knowing the 
moulder who would mould it, ana that 
I could check it with straightedge and < 
strips in tlie sand, I would not bother 
with cores ; but if cast in a strange 
foimdry, perhaps by men unaccus- 
tomed to this class of work, I would 
not run the risk of getting a crooked 
bed by constructing a pattern of so 
slight proportions. To such as wish, 
however, to mould in greensand sim- 
ply, the view of Fig. 272 is self-expla- ^- ^^• 
natory. A pattern made thus (one only of two or three methods) 
will be made correctly for moulding, remembering of course 
that the top of the bed is the bottom in the mould. 

Fig. 273 shows a fairly proportioned bed, dimensioned for 
the sake of clearness of illustration. It might perhaps be 
lengthened six or twelve inches with advantage, dependent 
upon the class of work for which it is to be adopted. 
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"Box up" the main body of the pattern (Fig. 274). 
Procure some inch board, out of' which cut two sides (Fig. 
274, A, A, a) slightly larger than the outline of the bed. Be- 
bate them i inch deep to uie width of an inch all round, and also 
across where the ribs or stays, a, a, a, a, a, are to come. Then 
prepare one piece for the top (b) 4 feet Oi inch long by about 
3} inches wide. We say "about,'' because the stuff in me sides 
may be full or bare in thickness, and we want the bed to 
measure 5 inches over the sides when roughly boxed up, the 
finished width being 41 inches. Prepare pieces likewise for the 
bottom, by h, hf b, b, of the same width as the last, also the 
cross ribs, a, a, a, a, a, of the same width too. Nail or screw all 
together. Plane up the sides to 4i inches wide at the bottom 
(bottom foom the moulder's point of view, really the top face 
of thelathe bed) by 5 inches bare at the top. Plane over the face 
straight and square with the vertical centre of the bed — %,$. 
so that the taper in the sides is equal relatiyely to the top ; 
shape the blocks that form the swell round the gap, and plane 
iVth taper at the ends of the bed. 

The main body is now ready to receive its equipments. 
Make a print 4 feet by 1 J inches by ^ inch and nail it upon the 
centre of the face (Fig. 275). (In reference to the apparent 
discrepancy between the width of the print here g^ven and 
the width of the groove in Fig. 273, as also to other instances 
of the same kind, as 5^ inches depth of bed in Fig. 275 against 
5 inches in Fig. 273, let me remark that these are the 
usual *' planing " allowances). Extend the width of this print 
imt aver the intended gap to 4f inches (Fig. 276, Fig. 275, <?, c), 




Fig.STS. 

the reason of which provision we shall see by-and-by. Pro- 
pare the outer V-shaped strips to the sections (Figs. 277, 
278), and wire on in place (Fig. 275, a, a). The outer lines in 
Figs. 277, 278 are the pattern lines, the inner ones represent 
the planed sizes. Make the fillet to section (Fig. 279), pluiing 
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the straight portions, and cutting the curved parts round the 
imp with gouge and chisel, and nail or screw in place (Fig 

273,/r,a;rig.275, *,*). 
The strips, D, D, D, round 
the gap must, however, 
be wired on. The two fa- 
cings for the standards, 
5 J inches by 3 J inches 
by i inch (Fig. 273, <?,<?), 
complete the pattern. 
Figs. 277, 278, 279. FoF the fipst coro (Fig. 

273, jilan), frame up a box 1 foot 5J inches by 4 inches by 5f 
inches (Fig. 280). This is long enough to include the first 

and second ribs, and deep 

k -- 7.^-. *---->* enough to include the 

print. Plane two strips 
1 foot bi inches by If inch 
by IJ inches, equalling 
respectively length of box, 
depth of inner strip and 
print, and width of inner 
strip with planing allow- 
ance, and screw them 
against the sides of this 
flush with its top edge (Fig. 280, a, a). Prepare two 
cross-bars J inch thick to the shape and dimensions indicated 
in Fig. 281, which represents a section of the box, 
1 loking towards the end, and screw in place (Fig. 
280, B, b). Prepare a piece 4 inches by 3 inches 
by J inch, and fasten at one end for the standard 
facing (Fig. 280, c). 

The next box is framed to 1 foot 4 J inches by 
4 inches by 5f inches, and one end is made to 
follow tlie outline of the pattern (Fig. 282). In 
the end next the gap, a cross-bar similar to the others, but 
3 inches deeper, is fixed (b). The guide strips, a, a, for the 
poppet, as in the last box, will be required. The box for 
the third core (Fig. 283) will be 8 inches by 4 by 5^, having 
strips, A, A, cross-bars, B, b, and facing, c, for standard ; or the 
second box may be utilised after its core is made by screwing 
a cross-bar in, 8 inclies from the end next the gap, and putting 
in the necessary parts. 

The gap box (Fig. 284) is framed to 6 inches by 4f inches 
by 8^ inches. This, it will be seen, corresponds with tlie 




Fig. 280. 
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Fig, 281. 
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Erint in Fig 276. Against the sides of box screw two 
locks 6 inches by 6 inches by tV inch (Fig. 284, a, a), to 
form the metal at the sides of the bed below the gap. 

Fig. 285 shows the saddle and transverse slide suitable for 
the bed we have just described in plan, Fig. 286 gives a side 



^jxd 
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END VIEW. 

Fig. 286. 



view, Fig. 287 one in front, a is the screw ; b, b are the nuts 
attached to the saddle by the screws o, o ; d the nut held iu 




the transverse slide, through the medium of which the motion 
of the screw is communicated to the slide ; £ the stud for 
the longitudinal slide ; f, f a turned bevelled groove to receive 
the tightening nuts for the upper slide; o loose strip for 
transverse slide, tightened up by screws h, h ; i is the loose 
strip for the saddle, fastened by screws j, j, and set by screws 
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Ky K ; Ly L are slots for T-headed bolts, for oonvenienoe of hold- 
ing work to be bored. The bosses for the rack pinion inoye- 
ment are omitted to ayoid crowding. 

Taking the pattern of the saddle first (Fig. 288), make 
the main plate 2 inches iinck, to dimensions giyen, framing the 




parts together either with half-lap joints or by mortises and 
tenons; nail on a print, a, ^ inch thick, to take out the recesses 
for the transverse slide ; screw on the strips b, b which embrace 
the lathe-bed, wiring on the Yee, which is cast in a piece with the 
sad^^e. Fig. 289 shows a section of the core-box for a, looking 
towards one end. By means of the curve, a, on the end cross- 
bars of the box, the core is strickled to a corresponding shape 










Half Size^. 

Fig. 290. 



Fig. 289. 

for the purpose of taking out the recess underneath the tra- 
versing screw. The prints, l, l, l ,l, and their core-box, if , 
shown in section, Fig. 288, are for the T-headed slots, shown 
in the three views of the rest. Fig. 290 is a half-size section 
of the loose Vee strip, i, in Fig. 286, giving planing allowance 



Digitized by VjOOQIC 



252 



PATTERN-MAinNO. 



Fig. 291 shows the pattern of the transverse slide, top and 
bottom faces respectively, and Fig. 294 in end vi(^w. The plate 
A is 6i inches by 4 inches by J inch (finished to i inch). Upon 
this the circular face, with its print for the bolt recess, b, Fig. 292 
in section, is fastened. Fig. 293 shows the core-box for this 
recess, in section and plan, a is a bottom board upon which a 




Fig. 291. 



Fig. 298. 



centre-piece, b, is studded, and'a ringpiece, c, dowelled; the un- 
shaded portion being the core space. Note that the width of core 
is given as iV inch against f inch width of groove on top of Fig. 
285. This allows of the barest poFsible amount of skimming up 
in the lathe, the core being too small to permit of much turning 
allowance, neither is much necessary if the box be made truly. 
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Fig. 294. 



Fig. 295. 



A slot will have to be cut in the casting, shown at m in Fig. 
285, through which to thrust the tightening bolts into place. 
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For the under face of the trayersing slide prepare a piece of 
stuff 5i inches by 1 J inch by J inch, and fasten on in the centre 
of the plate already prep«wed (Figs. 291, 
294, b) ; on this wire the loose strip, c, 
and nail the print, D. Make core-box 
(Fig. 295) jointed longitudinally, /, /, and 
dowelled and recessed at sides, a, a, to re- 
ceive tiie brass nut (Figs. 285, 286, d, 
and Fig. 296). 

The standard (Fig. 297) is suitably designed for the bed 
which we have described. The frame will be made with 




Fig. 296. 




Fig. 207. 



half-lap joints, and the ribs scrowod upon it with ^V int^li of 
taper on tliuir inuor facos. The J iucli ribb on the outer 
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faoe simply relieve the otherwise heavy appearance of the 
casting. 

Headstocks and poppets are jointed either longitudinally 
in their vertical plane, tnus moulding upon their sides, or they 
are made to moiild top side down, the barrel of the poppet 
being loose in that case, and the overhanging portions also of 
tiie headstock being left loose ; or where the overhang is con- 
siderable, as in arms for back gear, the sides are taken away 
on drawbaokB. 
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PUMPS, COOKS, AND VALVEa 

Three throw Pomps.— Saotioxi-box. — Deliveij-box. — Jointing.— Barrel. 
— Its Core. — Bucket. — ^Air-yesseL— Strainer-pipes. — Their Cores.— 
Sluice-cocks.— How Moulded. — Qnnmetal Faces Cast and Turned in. 
— Plug. — Not.— Foroe-non»>s and Core-boxes.— 43mall Brass Work. 
— GloDe-valre. — ^Methods oT making Cores. 

The varied cliaraoter of pump work forbids all except a brief 
description of the commoner forms. The essential parts are 
barrels, plungers or pistons, suction and delivery boxes, moro 
or less elaborate in detail, and air-vessels. Single-barrel, 
two-throw, three-throw, hand and steam, single and double- 
action pimipSy vary more in details than in principle or general 
design, ana are not usually very intricate. But almost always 
the internal portions are cored out, and the core boxes are 
generally of the most importance, often involving more work 
Uian the patterns themsdves, and in certain cases requiring 
Yery great care on the part of the pattern-maker. 

Let us run through the main patterns for a set of three- 
throw pumps first of alL The pattern of the suction-box is made 
as indicated in Fig. 298. One flange at least, sometimes both 
flanges, are dowefied on to the b^y, and upon one of these 
flanges are fastened the facings for the barrels, a, a, a, and the 
prints, h, b, h, for the holes that flange moulding downwards, 
or the reverse to the figure, which shows the box as it stands 
in natural position. In standard patterns it is customary to 
work the hollows around the flanges, and then the loose flange 
wiU be planed thicker by that amount. Sometimes, instead 
of a mere suction-box, where the valves rest upon the facings, 
«, a, a, we have a dack-box — that is, a box which either con- 
tains the valves on their diaphragms inclined at an angle 
towards the front, or else on the top of a suction-box cast 
wparately and bolted up from below. Then there is a doi»r- 
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way, dotted at e, e, c, cast in front of each yalve aperture, 80 
that any temporary defect in either of the clack-valves may 
be seen and remedied without removing the barrels or taking 
the structure all to pieces. Where this is the case these 
holes will not req^uire to have prints upon the pattern. II 
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tnere is a branch in the bottom for the suction it will be 
studded on loosely, and its flange — unjointed — will be slipped 
loosely over the print. If upon the side, d^ the branch will 
be fast, and the flange either slid loosely over, as in the flrst 
case, or parted in two, the top half being left loose. 

The core-box is usually made in several pieces (Fig. 299). 
The two blocks, «, a, dowelled, are cut to form the inside of 
the shell. If holes are cored for doorways, as supposed above, 
Cy Cf Cf they are cut in the side of one of the blocks— the thick- 
ness of that block being gauged to represent the metal-thick- 
ness. A bottom board, by is dowelled on, and a top board also, e, 
the latter in halves, and dowelled, and being equal in thick- 
ness to the thickness of the top flange together with its 
facings and prints. Holes are cut in the latter piece of the 
same shape and size as the prints. 

The delivery-box (Fig. 300) is not very different from the 
suction. In this, also, one or both flanges will be loose ; 
facings to receive the barrel ends, a, a, a, and prints, h, J, J, for 
their apertures will be fastened on. There will be a delivery 
branch somewhere or other, in which the same conditions of 
moulding will obtain as in the one for the suction-box, and 
probably a facing, c, for the air-vessel. The core-box (Fig. 
301) will be constructed similarly, in regard to joints, 
apertures, and so forth; but the hole for the air-vessel, a, will 
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cut ihrougli the top piece. The core for the delivery branch 
will not be made in the main core-box, but as a separate 
piece, and it will rest in its print and merely abut against the 
body core. 

Jointing the patterns in the way described means using a 
three-parted box in the foundry, with its two sand joints. 
But in most cases there is no objection to jointing through the 
centres of the prints, as indicated by the dotted line, and 
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Fig. 300. 



Pig. 801. 



making the flanges in the plan (Fig. 300) fast. Then the 
rore-box, also, may be jointed in the same fashion, and its 




Fig. 802. 

sides screwed fast to its body portion. See Fie. 302, which 
shows the parts of one-half the box made i^ this rashion, ready 
to ffo togetner. 

The barrel (Fig. 808) is turned as a cylinder pattern would 
be, from solid stim if of small bore, or lagged u]^ if large — 
in each casejointed and dowelled, and having prints, a, a, at 
the ends. Where an aperture and door are made at the front 
of the lower end, as is done when the valves rest upon the top 
of a suction-box, the square portion of the D-shaped block is 
either worked from the solid or else as a separate piece of 
wood, and fitted over the main body. The core in that case 
is struck up by a board and shouldered down as shown at Fig. 
304 to receive the D-shaped core, which is threaded on as the 
square base of our column was threaded on the round shaft 
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core (Ohap. XX., p. 168). Or the main oore is stmck to its 
full diameter, and a saddle piece made from a box of tbe 
section of Fig. 305 is fitted against it (Fig 306). 







Fig. 804. 
Fig.»)6. 




Fig. 803. 










Fig. 806. 



The bucket is made as shown in Fig. 307. The piston is 
turned from the solid, and the arch built up in about three 
thidaiesses of small segments. The arch is fitted to the 
bucket itself by loose tenons or dowels. The water aperture 
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Fig. 809. 
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Fig. 808. 



is better cored than cut out, the pattern being printed on the 
bottom, and its core-box (Fig. 308) being made in halves. 
The three lugs, a, a, a, in the bottom of the bucket are for 
the attachment of the cup-leather guard, shown at Fig. 309, 
which last is turned and worked from a bit of solid mahog- 
any. 

Air-vessels are cored out, the core being struck up. A core- 
box is only made when several similar castings are required. 
Frequently for large castings a loam pattern is used for the 
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body itself. The common form is the dome shape shown in 
Fig. 310y the pattern being jointed to mould sideways, and 
except at the print end the core rests upon chaplets. 

The last of a series of suction-pipes is furnished with a 
strainer (Fig. 811) at the bottom, to prevent the entrance of 
any foreign obstructions with the feed-wator, which would 
choke the pump. These pipes are constructed similarly to the 
air-vessel, but no provision is made in the pattern for the 
strainer holes. These, numbering several scores in a strainer 
of moderate size, are made in a peculiar way. The core-box 
is like Fig 312, its thickness being equal to the thickness o/ 
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Fig. 818 



metal in the strainer bulb, and the holes have a large amount 
of taper. After bein^ cut with a gouge they are burnt 
smootnly with a taper iron, its taper corresponcUng with the 
taper of the holes. The cores are then rammed up, each with 
a common out brad standing point upwards from its centre 
(Fig. 313). When dried, the oores are stuck aroimd the 
mould, approximately equidistant, by means of the brad 
points thruist into the sand. The main core is then laid in, 
and rests upon these cores, so that chaplets are not requisite. 
Sluice-cocks comprise dieU, cover, plug, and screw parts. 
The shell and the plug only need be mentioned. The shell 

iFig. 314) may either have flanged or socketed branches — the 
atter being the more convenient for jointing up. The way 
of jointing the pattern is not affected, whichever form of 
branch we make. I have made these with the sockets up 
and down, and of course left loose (indicated by the dotted 
lines in the elevation) ; but this involves putting in the core 
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in three poi-tions — first, that for the bottom Bocket ; secondly, 
the body ; lastly, the top socket — and is therefore not to be 
recommended. The cheaper way is to joint through the centre 
of sockets and body as shown in the end view, and so mould 
the cock edgeways. Then the core is made all in one, as 
represented in the plan of the open box, and time is saved 
both in pattern-shop and foundry. 

In small cocks the brass facings are cast in a piece with the 
shells. The facings being cast first in brazing metal with 
projecting nipples (Fig. 315), are turned bright and laid in 





the core. The molten iron meet- 
ing these, partially fuses the 
brass and makes a dose joint 
with it. But in larger ones 
watertight joints cannot be se- 
cured by casting in, so 
they are of necessity 
turned to fit the turned 
shell and pulled in dose 
with screw pressure. 
When they are cast in, ^- '^** 
the proportion of copper must 
be large, since common brass or 
gunmetal would melt at the tem- 
perature of molten iron. From 4 inches to 6 inches in diameter 
is about the limit at which a perfect amalgamation of the 
metals at the joint can be relied on. 

By making the pattern as we have indicated there are no 
loose pieces required. In the core-box the only loose pieces 
are the circular facings which carry the brass rings, and also 
in large cocks the internal strengthening ribs, a. The guide- 



PLAN OF 
C O ri E BOX 

Fig. 814. 
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strips for the pluff, 3/i, are fastened in the top and bottom of 
the halves of the dox. 

The plug pattern (Fig. 816) is made from the solid, and is 
turned wimout, and recessed down on each side to the central 
web, tf. On this web boss 
pieces, 3, are fitted, to ^ve the 
metal round the central hole, e^ 
which is large enough to 
allow of clearance for the 
screw. A block for the nut, d^ 
a print, tf, at the bottom end of 
tibie same size as the central 
hole, and a couple of guide 
strips, tf, tf, skewered on, com* 
plete the pattern. The re- 
marks made in refeience to 
the facings in the shell apply 
to those on the plug. The core-box for the hole has also 
a recess cut in it similar to the recess cut in the saddle of 
a lathe to carry the screw-nut. 

The nut (Fig. 817), made of brass, is, instead of being 
screwed in the lathe, commonly cast upon the thread of a 
duplicate of the screw itself, three 
or four such being cast upon one 
thread at a time. The screw 
rests in a bed made in the sand 
by a long pocket print shown in 
Fig. 817, tf, a, a, fl, which print is 
of course ** stopped over" against the face of each nut. 

Force-pumps, unless when Very small, are seldom made from 




Fig. 816. 




Pier. 817. 



\ — 1 i ' 



\m 



Pig. 818. Pig. 819. 

solid stuff, because of the liability of the timber to curve and 
twist. Fig. 818 shows such a pump, in which the turned 
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portions are each made separately^ and sorewed to the 
rectangular part, a. One half the core-box is shown at Fig. 
319, and the stuff of which it is composed is prevented from 
curving by battens screwed upon the back. 

In working a oore-box of this kind it is not necessary to 
make templets for each separate 
radius. A set-square furnishes a 
convenient and certain means of 
checking the aocuracnr of a semi- 
circle, smce, if the edges touch the 
opposite sides of the diameter while 
the comer is in contact successively 
Fig. a20. ^{^ every intermediate portion, 

the conditions of a true semicircle are fulfdled (Fig. 320). 

In making gland and bib cocks, and similar articles, it is 
better, unless they are exceptionally large, to cut them out of 
the solid, and this remark applies to the generality of small 
brasswork. Of course the parts which are spherical can be 
turned, even though they occur in different axes, by re- 
chucking, and the portions intermediate worked by gouge 
and chis^. Moreover, jointing is not commonly resorted to 
in these patterns. The regular makers seldom joint small 
work at all, but use bottom boards, and also use metal 
patterns largely. In places where these things are a 
speciality, there will be as many as a dozen, or twenty or 
thirty, of such separate and distinct metal patterns, usually of 
brass, in a single box. It is marvellous to note the rapidity 
with which the workmen will lift the patterns out one after 
another with their fingers, without disturbing or breaking 
down the sand in the process. But it is essential that the 
metal patterns be got up well, and that the core-boxes — also 
of metal — be well jointed. 

It is not customary to mark out both halves of a core-box 
with compasses and square. One-half only is usually marked 
first and worked. Its face is then either chalked over or 
smeared with red lead, and the unmarked half pressed closely 
against it and tapped with a hammer, when the lines of the 
bounding edges will be transferred by the chalk or red load 
to the oi)posite face. Or where easily got at, a bent scriber 
is brought into requisition, and being carried round the edges, 
marks the lines on the opposite half. 

The pattern for a common globe-valve (Fig. 321) might be 
jointed in the plane of the fig^e (vertical section), and be 
either worked out of a solid piece, if of small dimensions, or, 
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if large, the globular part would be turned, together with the 
inlet and outlet ends and their prints — the branch for the 
screw- gland being turned separately and fitted on. Or the 
pattern might be jointed at 
right- angles to the plane of 
Fig. 321 — that is vertically, 
line A, B — and the branch be 
moulded downwards; and 
this I consider the better 
way, as more convenient for 
laying in the cores. A small 
valve has usually nut- 
shaped hexagonal ends as 
figured, and is screwed 
within with gas-taps for the 
attachment of the piping. 
But large valves often have 
flange attachments, both at 
the ends and on the top, 
and in the latter case the top flange will be left loose if the 
branch is moulded downw6wds. The core for a large cock 
is not made in one, but in two pieces. The cores are 




Kg. 821. 




Fig. 882. 



made from two separate boxes, and fastened together with 
clay wash before being put into the mould. Looking at Fig. 
321, A is one core and b is the other, and they are connected 
together by the print o, shown dotted in the figure. In 
setting to work, just dismiss core b from the mind for 
awhile, and start about making a box for a. Three Ticws 



Digitized by VjOOQIC 



264 



PATTEBN-lCAKOrO. 



of the boi are given (Fig. 323), a showing its appearance 
viewed from its outer end; b, in sectional plan, looking 
on the face of the core-box joint 
and downwards ; o, a sectional ele- 
vation cut longitudinally through 
the box. Cle«wly the box parting at 
the joint, j, allows perfect freedom 
of delivery for the semicircular 
portion, d (Fig. 822), and also for 
the branch part, e, and the print, o 
will leave a recess in the core, by which core b may be set 
true. Now make a box for core b, jointed at j, which is 




llg. 828. 





Kg. 824. 



Fig. 325. 



(Fig. 323) a longitudinal section. It is shown in plan in the 
j'oint, looking downwards, at Fig. 324, also looking upwards 
m Fig. 325. Evidently now the stud, o, formed in this core 

will drop into the print in core a, 

and the two cores together will in 
section be like Fig. 326, which is 
exactly what we re- 
quire. This is the 
way adopted in mak- 
ing cocks of moderate 
and large dimensions. 
^' In very small cocks, 

however, say of 1 inch or thereabouts, it is often deemed not 
worth the while to round the metal outside the valve-seat, 
and then one core-box suffices. Its plan would be like Fig. 
327, and its section, of course, as before ; and the joint of the 
box would show like the vertical section of Fig. 321 





Fig. 827. 
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WATER-WHEELS AND TURBINES. 

Water- whecla.— Their Bosses.— For Flat Arms.— For Round Rods.— 
Shrouding. — Toothed Ring.— Building it up. — Marking out.— The 
IVeth. — L^urbinee. — CJore-box for Buckets. — Mode of forming the 
Shrouding.- Core-box for Guide. — The Discn — Grconsand and Loam 
Moiilds — Turbine Stops. — Lignum Vitao Strips. — Directions for 
fitting in.— Governor-ring. 

Watbe- WHEELS do not come within the range of the pattern- 
maker's work to the same extent that they formerly did. For, 
in addition to the fact that the smaller and more economical 
turbines are largely taking the place of the more cumbrous 
and extravagant water-wheels, there is also the circumstance 
that cast iron enters but slightly into their construction. But 
the fact that there is some cast iron about them, and that the 
oountiy workman is not unfrequently called upon either to 
construct or to repair an ex- 
isting wheel, justices some 
slight allusion to the prin- 
cipal parts. 

In the first place, then, 
the structure of the central 
bosses will vary according as 
the power is taken from the 
centre or from the circum- 
ference of the wheel. If it 
be taken from the centre the 
torsional strain is great, and 
stout wrought or cast iron 
anns will be used. Then 
the boss will have recessed 




Fig. 828. 



pockets (Fig. 328) to receive the ends of the arms, and the 
pattern, but for the central print, will be exactly like the 
casting. The bits, a, a, a, are chipping strips to allow of 
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accurate fitting of tlie arms without chipping the edges of the 
recesses along the entire length. But when the power is taken 
from the circumference there is very little leverage, and round 
wrought bars serve both as arms and struts. Then the cen- 
tral bosses take the form 
of Fig. 329, having arm 
and strut bosses and 
cottar ways, a, a, for the 
attachment of the rods. 
In making this pat- 
tern a plain plate is 
turned, of the correct 
diameter, and with a 
strengthening rib built 
up at the circumference. 
The central bosses being 
turned and screwed on, 
the long bosses for the 
arms are abutted against them. These are turned as indicated 
in section, Fig. 330. a represents a middle strip planed to 
the same thickness as the plate itself; B, B represent the 
actual boss pieces laid against each side of this 
strip, and held temporarily with screws, as when 
jointing pattern stuif in halves (p. 206). The three 
are thus turned together, and the middle piece being 
removed, the boss pieces are ready to screw in 
their places and form a circular section with the plate itself. 
The pieces marked 5, h, Fig. 329, are mere strengthening 
ribs fastened upon these bosses exactly as required in the 
casting. 

On the periphery long pocket prints are fastened. Fig. 331, 
and on every boss a cottar way print, B. The two prints carry 




Fig. 329. 




Fig. 830. 




Enlarged view 

of paltcTH at A on 

Fig, 329. 



Fig. 331. 
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Fig. aa*2. 



the arm core with its cottar ways, made from a box, one-half 
of which is shown laid open in Fig. 332. 

The bosses, c, c, <?, c. Fig. 329, are for the strutting arms, 
and these are best turned from the solid, and sawn all alike 
to a bevel. On these also pocket prints, Fig. 333, a, and cottar 
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way prints, }, are fastened, for which a short core-box similar 
to the last will be made. 

The shrouding of a wheel (Fig. 334) will also vary with 
the conditions under which the power is taken off. Bound 
rods will require cottared bosses, and 
these will be made and cored similarly 
to thosejust described on the central 
boss. Mat arms will require recesses 
like those on Fig. 334, a. 

When makinff the shrouding plate 
it is desirable, where the wheel is large 
and the number of segment pieces considerable, to make the 
pattern plate of cast iron, or, better still, of a piece of thin 
wrought-iron plate, and to screw upon this the curved 




Enlarged view 

of pattern at » 

on Fig. 329. 

Fig. 883. 




Fig. 834. 

flanges, a, a, either continuous, as shown in the figure, or 
disjointed, for the attachment of the buckets, and the inner 
flange, h, for the attachment of the sole-plate. 

Where a ring of teeth is bolted round the shrouding, much 
care is necessary in the preparation of the pattern. Without 
due care the segment castings may come out long or short ; 
they may be atwist, their ends may not be radial, and their 
teeth may not be square — for all of which errors the pattern- 
maker will be held responsible. 

The correct length of the segments is obtained by calcu- 
lating the length of a chord of the circle* if the wheel be 

* The chord \a obtained thus. Find the half angle of the 
inchidcd Hpaco botweeen the radii. Get the sine of that 
angle from a tabh? of natural sines, multiply the radius by 
th« sine. The product doubled gives the required length 
of the chord. Thus, let it be required to know the length A- 
of the chord a b. Fig. 356, a b being the twelfth of a circle 
whose diameter is 16 feet. The angle at o d is 30°, one-half 
of which is 16^ The sine of 16^ is ^SSSl. The radius is 8 foot 
•26S81 X8 X 2 = AB = 4' \'W. 



zter 



Fig. 365. 
Then 
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laree, or by strikiiig out a portion of the entire ring, say \ or |, 
if the wheel be sm^, and giving tiie segment its proportional 
part of the arc thus struck out. We alloxr for fitting on 
the ends of the segments, which with aU due care may 
vary i or ^ inch in length in the castings. The allowance is 
made for chipping by means of narrow strips (''chipping 
strips ") about J inch or 1 inch wide, and they are made tnick 
enoueh to allow for all possible variation in the casting, say 
i in(£ in this case at each end, and of this amount at least 
i inch is allowed at each end over and above the finished 
length of casting, to be taken off by chipping. And as the 
shrouding plates are not likely to be true, and the segment 
may become rammed winding, we also put chipping stnps on 
the bottom face of the segment, giving a sinular allowance 
there for fitting. 

This ring may be either internal or external, according as 
the teeth are ou its inner or outer curve; but in either case 
the pattern is made as follows : — 

Having struck out the segment in plan (Fig. 335) to get the 





Flg.885. 

ends truly radial and the teeih of the correct shape, and in 
section also (Fig. 336), we prepare segments for the purpose of 
building up the sweep. The plate of the segment (Fig. 336, a) 
can be made either in one piece or in two or three 
sets of sweeps, the latter being, of 
course, the better method of the two. 

^^__ The thin portion, or the rim, will be 

}i.-*-)i made in segments, ceasing at h, just end view 
stCTidH -^here the hollow, e, commences. The Kg. 887. 
^•8^ thickness which forms the hollow, e, will be cut 
out separately — ^then these three parts, the plate, the rim, the 
hollow — each distinct and separate, but gauged to thickness, 
will be screwed together temporarily in the rough. The seg- 
ment, though rough externally and internally, is at this stage 
complete in its thickness and ready to receive the lines. 
Strike the line* on one side for that curve of the ring on 

* When striking large ladii a trammel-rod is apt to spring and oanse a 
wavy Une. In such cases it is belter to screw a couple of straightedges 
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whicb the teeth are to be fastened, and mark the ends radially 
from the centre of the curve so struck. Eemove to the vice 
and plane these ends square with the parallel planed top and 
bottom faces. Then laying the segment on its face upon a 
true bench or drawing-board, square over with set square the 
curved line just struck on to the opposite side, and mark the 
sweep again on that side also. Work this sweep from one 
side to tiie other, roughing with gouge and finishing with 
planes. We have thus a true curve for the attachment of our 
teeth, at right-angles with the base of the segment. Now, 
taking out our t^poraiy screws, we can gau^e each of the 
separate portions of the segment, the plate (Fig. 336, a), the 
rim, b, and the hollow, e, and work them separately — ^returning 
them into position and gluing and screwing permanently 
when done. We shall work the teeth in a box (Chap. UI.^ 
p. 22), and glue and brad on. The segment ends, a a. 
Figs. 335, 337, will be fitted into the angle formed by the 
plate and the rim, and their chipping strips, d, d, fastened on, 
excepting the one in the bottom, which will be skewered. 
Holes in the ends for bolting the sweeps together will be 
taken out with pocket prints. 

Turbines (Fig. 338) are not yet so extensively come into 
use in England as in Continental countries. They vary much 
in design, but differ essentially from water-wheels in that 
the axis is vertical, and the turbine therefore revolves in a 
plane parallel with the horizon. The principal type is that 
which consists of an inner ring of guides, a, a, and an outer 
ring of buckets, b, b, Tisually in two or three vertical tiers con- 
nected with shrouding, a, 5, 0, d. Turbines being very small in 
comparison with water-wheels, both the buckets and their 
shroudings are formed in one casting, the guides and their 
tthroudings being also formed in the same way. Now if we look 
attentively at our ring of buckets (Fig. 338, plan b), we shall 

together like Fig. 364, and slide them aroand two fixed pins set in the 

coarse of the circle at the extremities of the chord, and with a scriber 

held against the apex describe the circle. The condition is that the 

height of the triangle measured from 

the chord shall be equal to the versed 

sine of its circle, which versed sine \3 J^^^^ 1 "*^ 

obtained thus : ;^^'^^^^"" 

In which R = radios y\9. 864. 

C =: semichord. 
I prefer this to the methods of intersecting lines given in books on 
geometry. 
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see that tbe labour of making a pattern would be immense 
To cut the shroudings and all the buckets would be a round- 
about task. But the buckets being all alike, oores sufficient 




Fig.888. 




PLAI^ OF 

BUCKETS & 

GUIOES 



Fig. 838. 




Fig. 889. 



for an entire course of buckets can be made from one core- 
box (Fig. 339) ; and if there are two or three courses, we need 
but two or three core-boxes, in which core-boxes the shroud- 
ing can also be made. Considering again for a moment, we 
see that not only will no pattern be necessary, but that no 
prints for these cores will be wanted, for if the cores be made 
to fit one another closely without and within the circle of the 
buckets, they will dose up the mould (Fig. 340). Then all 
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we need do is to strike two circles corresponding with the 
inside and outside ends of the cores, c andD, upon a sand-bed, 
and to set the cores by these lines. Hav- 
ing thus cleared the way, let us go into 
detail. 

Fig. 341 illustrates the way in which 
the core-box is made. Construct a plain 
rectangular core-box, as indicated by 
the outer lines. Into this fit sundry 
blocks, a, ^, a, a, to part at h,h. Make a 
templet of the core in thin wood, and 
laying it on one side of these blocks, 
scribe round its edges upon the box face. 
Open the box, square down in the joint, place together again 
and scribe ofE from the templet on to the other side. The box 
may then be pared and planed through. We might make the 
box of the entire depth of the three rows of buckets with their 




Fig. 810 
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Plg.341. 



shrouding, but that would cause inconvenience, since the in- 
termediate shrouding, or rather plating, would be formed 
through the heart of the core, and being only i inch or f inch 
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ihick, there would be no ohanoe to get at it for tlie purpose of 
cleaning up or blacking ; so we prefer to make aft many core- 
boxes as there are rows of buckets, a, b, o. 

Then for the shrouding we get out sweeped pieces (Fig. 
842), corresponding in section with the shrouding and plating, 
and haying marked, carefully their concentric positions on the 
faces of the boxes we cut out recesses, o, e, o^ c (Fig. 341), on 
those faces for their reception. Hence, when a core is made, 
say core a, it presents the appearance of Fig. 343. When the 
three rows of cores are made and put togeUier we get two 
shrouds, two plates, and a metal space between contiguous 
cores. The cores being arranged in a circle, sand is rammed 
around them to afford support, and a loam top covers the 





Fig. 848. 



Fig. 344. 



whole. The metal then flows between the cores to form the 
curved partitions between the buckets, and through the cores 
to form shrouding and plating, while at the outer and inner 
terminations of the buckets its flow is arrested by the abutting 
ends of the cores. 

The same method is adopted for making the ring of guides, 
in which the core-box will be shaped hke Fig. 344. The 
cylindrical seating for the governor, with its flange for bolting 
to the inlet pipe (Fig. 338, o, c), is shown cast in a piece with 
the guides, and for this two boards, shaped respectively like 
the Figs. 345, will be made, the seating being cast uppermost. 



C 



t 



^3 



Fig. 846. 

The dished plates (Fig. 338, d, e), to which the buckets and 
guides are respectively bolted, would be made from patterns if 
small, but struck up if large. Either greensand or loam may 
be used in the latter case. If greensand, the boards will ba 
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out as in Fig. 346 ; if loam, like Figs. 347, d48~the differ- 
ence between the two being as follows : In a struck-up green- 
sand mould the top board cut to the dotted line, a, a, a, 0, in the 
Fig. 346, strikes a bed of hard rammed sand, which, being 
sprinkled with parting sand and covered with a top box has 
a reverse sand mould rammed upon it, a thing eiisily and con- 
stantly being done, since the lower sand is rammed sufficiently 




Fig. 346. 



Fiff.847. 



hard to resist the thrust of the hand-rammer. This being 
lifted away, the board cut to the full line, 3, 3, 5, 5, strikes out 
the thickness of metal to the bottom edge. The top box then 
closes this bottom mould for casting.* The disadvantage of 
this method is, that square edges — that is, edges of sand 
standing approximately vertical — cannot be lifted in green- 
sand without becoming torn away and broken down, so that 
mending up with sweeps becomes necessary. Where this 
occurs tne best way is to make the board to strike the edge at 



fnmr 







Fig. 848. 



Fig. 849. 



an angle from which the sand will lift without fracture, ram 
the top box on that, and then make the edge in the top square 
with a sweep. We then have an unbroken lower edge by which 
to guide the mending-up sweep (Fig. 349). The advantage of 
adopting a greensand mould is, that the time occupied in 
bricKing up and drying are both saved — items of so much 
importance that a loam mould which would occupy perhaps 
four days in making could be done within a day in green- 

* For another example of a struck-up greensand mould sec Chap. VI. 
p. 45. 
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Band. There is of course a large class of foundry work 
which must be done in loam ; but where the option lies 
between the two, the difference in cost will induce us in such 
cases to decide in favour of greensand. 

A comparison of the figures illustrates the difference in 
method, for in the loam mould the boards strike the actual 
opposite faces in both top and bottom,* while in the greensand 
the bottom face only is directly struck. When the moulds are 
dosed, the checks, a, a, insure their concentricity. 

The guide-ring plate, E, carries the step bearing of the tur- 
bine shaft (Fig. 338, p), and the step of a turbine is lined with 
strips of lignum vitce (Fig. 350), which, with the water for a 
lubricant, answers better than metal. These strips are driven 

-.EC TirtN A B ^S^^y ^^ grooves, a, a, a, 
oEc TiON AD cast in the boss (Fig. 351). 
These recesses, if cut out in 
the pattern, are so deep, and 
the spaces between them so 
slight, that they would not 
deliver from the sand. Hence 
we core them out, as indeed 
we should do in the case of 
any other recesses or pockets 
where accuracy is required. 
B But neither could we put 
prints around the inside of 
the boss, since the thin sand 
between their edges would 
Kg. 851. not hold together. So the 

correct way is to put a round print upon the centre of the 
boss just as though there were nothing but a perfectly plain 
core wanted. Then we make a core-box for the recesses, dis- 
tinct from the main central core, of course with no print allow- 
ance, and the sides of this should have a shade of taper from 
the upper end, so that the strips shall have a tendency to 
tighten as they are driven down. When the cores are dry the 
pattern-maker marks off as many equal divisions on the 
central core as there are to be recesses in the casting, and 
nails the recess cores upon the central one (Fig. 351), which 
is then ready to be dropped bodily into the mould. 

The pattcnrn-maker is also expected to fill in the lignum 
vitao blocks, and this should bo effected with as little waste of 

• See also Chap. XXL 




Fig. i*60. A- 'H 
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fituff as possible. The best plan is to out the stick down with 
a circular or frame-saw to the thickness required, and then, 
having fitted a templet strip into the casting and made the 
necessary allowances for turning and facing, to mark out the 
thicknessed stuif from that. Once sawn ou^ the pieces should 
be kept in a cool place or in water while being worked up, as 
lignum yitfid is particularly liable to shake in the joints of the 
annular rings. When driving in, care should be taken not to 
strike on the shoulder (a. Fig. 350), or it will infallibly split 
off. When all are driven in, the step will go into a lathe 
having a slide-rest, to be bored and faced. 

The governor-guide (Fig. 338, o, o), is either cast in a piece 
with the arms or bolted to them afterwards, the latter plan 
being preferable. A small guide would be cored out with 
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SECTION 
Ar-D 
Fig.ass. 



segmental cores, a large one struck in loam, for which the 
boards will be like Fig. 352. The arms (Fig. 338, h, h) 
are planed up oval-shaped and mortised into the central boss 
(Fig. 353), and have their flanges screwed on, everything 
being fast, and the moulder joints down to the centre of tbp 
oval section. 
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CnAPTER xxxin. 

BOILER FITTINGS AND MOaNTINGS. 

Dead-plate.— Marking and FiUinif.— Fire-bar.— Allowance for Play.— 
Bearer. — Door Frame. — Building up of the Pattern. -Door. — Valve 
Beatings. — Safety-valTe Shell.— Valvee.—Sweeped Fire-bars — Mud- 
hole Door Frames. — Man-hole Frames. 

Lanoashirb and Cornish boilers are fired internally, the latter 
being constructed with a single furnace tube, the former with 
two, and with cross-tubes besides passing through the fur- 
nace. The pattern-maker has to prepare dead-plate, fire-bars, 
furnace front and door, seatings and yalyes, and other attadi- 
ments. Some of these have to be fitted to the boiler, and a 
few general hints relative to these matters may very properly 
be borne in mind. 

The dead-plate (Fig. 356) is that portion of the fire-grate sur- 
face lying just within the front end of the boiler, and it ranges 
from 9 indies to 15 inches or 18 inches in width, according 
to the capacity of the boiler. It slopes 
downwards and backwards, and either 
rests upon angle iron brackets fastened 
to the sides of the fire-box, or simply 
against the boiler sides. In order to fit 
it correctly, the workman marks its posi- 
tion at the boiler front, and also the 
amount of drop or slope which the fire- 
Fig, 356. "bars make where they abut against the 
bridge (about 1 in 10), and straining a chalk line between 
these points, strikes the line of slope on each side of the fire- 
box. To these lines the dead-plate pattern is fitted, and a few 
chipping strips, a, a, sufficiently thick to compensate for the 
contraction which the plate will imdergo, ana to allow of a 
little fitting besides, are fastened upon the ends. At its front 
end the plate either abuts against or rests upon afiange upon 
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the fire-door frame, and at the back it is reoessed, }, to reoeiye 
the ends of the fire-bars. 

The fire-bar is a simple pattern of the annexed shape, 
Fig. 857. It is taporea in section to allow the ashes to tsM 
freely downwards, while the upper portion is left parallel to 




Flff.867. 

keep the air-space parallel and equal during the bumine down 
of the bars. The central thickness pieces, a, a, are put mere to 
preyent the twisting of tiie bar sideways. Bars like this, when 
made in quantity, are usually made from iron patterns, which 
are moulded by simply bedding in. Fire-bars should neyer 
be made a tight fit, as they expand permanently with the heat, 
but a play of about I in 24 should be given at the ends. The 
cast-iron bearers for the bridge and for the fire-bars are made 
of an L or T section, and are fitted similarly to the dead-plate. 
Fig. 358. 

A fire-door frame is shown in plan, and in section in Fig. 
359. The plate, a, is framed together with segmental pieces 
and half-lap joints, preferably to cutting it from a single piece 




Fig. ass. 



Fig. 859. 



of stuff, since the taking out of the central portion would leave 
short grain at the sides. The hooded portion, b, is glued up 
with thin segments, cut through with gouge and chisel and 
screwed upon the plate. The front, c, is h^ved together with 
Iialf-lap joints, and screwed to the face edge of the hood. A 
narrow chipping strip, dy is run round in segments on the face 
which bolts to the boiler, of sufficient depth to clear the rivet 
heads, and a thin facing is bradded to that portion upon which 
the door folds. Lugs, #, «, « for attachment, and, a lug, f, on 
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vhich the door lunges, cored out with pocket prints for the 
binge pin, completes the pattern. 
The pattern of the door (Fig. 360) consists of a thin plate, 
haying a couple of hinge lugs and a thin 
facing on the front for chipping. Ptovieion 
will often be made for drau^t by a revolving 
ventilator or a sliding gnd, the holes for 
which are cored out. If the fire-hole open- 
ing is wide, a double door is used in prefer- 
ence to a single one. 

Seatings for the valves and cocks are made in cast iron, and 
riveted to the boiler. Fig. 361 shows the pattern of a seating 
of this kind. It consists simply of a curved flange, a, 
and boss, b, havine T-headed recesses cast in. The 
flange may either be fitted to the boiler direct, or a 
thin templet of wood may be cut to the curve of its 
diameter, and the pattern worked with a templet 
cut the reverse of this. The flange itself is made 
distinct from the boss part, and the two screwed 
togpther afterwards. The stuff for the flange being 
planed to a parallel thickness, the hollow face should 
be planed iirst, and the rounding side gauged and 
cut with a chisel afterwards, remembering uiat the 
rounding of the flange should blend into a hollow 
around the flat face on which the boss is to be 
secured. On this boss, plain, square prints will be 
Fig. 869. nailed, and a core-box shaped like Fig. 362 will 
take out the T-headed recesses. 

The shell of a safety-valve consists of a plain, double-flange 
pipe, with or without a branch for the steam-pipe, depending 
upon whether the steam is taken from the valve or no. Or, 3 
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Fig. 3G8. 
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Fig. 866. 



Fig. 866. 



there be two valves, as in large boilers, it consists of a double 
bend pipe (Fig. 363), a core-box (Fig. 364) being necessary 
with the latter. The valves may be flat disc (Fig. 366), 
maintained in position with guides attached to the seating 
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Siff. 866)» or mitre, with three or four wings (Fig. 367), 
Yine either a top pin, a, or a recess to pn^uce unstable' 
equiUbriun^ and prevent the tendency to sticking (Fig. 368). 
Tlie patterns of these valyes are all made like l£eir castings. 




Fig. 867. 



Fig.SGS. 
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Fig. 870. 



the wings being cut separately from the discs and studded on, 
either fast or loose. Mahogany should be used, and they 
mould just as they stand when in natural position. 

Vertical boilers, for steam cranes and small stationary en- 
gines, have fire-bars of a sweeped outline (Fig. 369). These 
are sometimes cut out of solid mahogany ; but the best way 
is to build up the rim, a, in segments, and, haying cut that to 
shape, to fit the bars, 5, already planed to their thickness, into 
very shallow grooves, about h, inch deep, cut in the rim. The 
connecting strips, r, are glued in afterwords. These bars rest 
upon a ring of wrought iron set in the interior of the fire-box. 
Mud-hole doors are fitted opposite to every cross tube and 
a^ the bottom of the boiler. These are plain oval castings, 
held in place with a tightening screw. 
When the boiler is d^tded, as these 
vertical boilers often are, the deading is 
screwed to a casting made to encirde the 
hole. These are of the annexed shape 
(Fig. 370), and being extremely thin, are 
either made from metal patterns or are 
cored out. The man-hole in a deaded 
boiler has a frame also predsely similar 
(Fig. 371), but, of course, proportionally 
larger. For this a wood pattern is built 
up in seements, and the fiat flange which 
takes the deading bemg thm, is curved roimd and fastened 
to the built-up portion. But a metal pattern is necessary for 
durability, and it is cast in iron if for frequent use, or in lead 
if used for different boilers having different diameters, and 
therefore requiring some alteration of curvature* 




Fig. 871. 
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CHAJr^^KR XXXIV. 

WORKSHOP NOTES. 

AUowaii'jes foi Turning and Planinff.— Variable in Amoimt. — Name* 
plates. — Lend Lftttere. — Curved Name Plates. — Cheqaering of Foot* 
plates — Stock Core-boxes. — Glue. — How to make.— How to Joint. 
— fehollac Varnish. — Paint.— Faced and XJnfaced Portions of Pat- 
terns. — Prints and Bosses. — Pattern Begister. — Make^ift Work. — 
Lead. — Plaster of Paris.— Shop Tools,— Stamping of Patterns. 

The miscellaneous character of the contents of this chapter 
will render desirable the classification of the subjects under 
their appropriate headings. 

Allowances for Turning and Planing. — The usual 
practice is to allow i inch on iron ca8ting;s for machining. 
This allows of two cuts being taken in the lathe or on the 
planing machine — a coarse first cut and a fine one for finishing. 
For brass castings one-half only of this allowance is given, 
iV inch. But this, though a general rule, is by no means to be 
universally observed. In a long casting, where there is a 
probability that it will not remain straight in cooling, more 
than the ^ inch must be allowed, the precise quantity being 
regulated by the risk and uncertainty present as to the amount 
by which it is likely to buckle. In some long, disproportioned 
castings, the allowance may be as much as | inch. Again, in a 
small engine cylinder, i inch in the diameter is ample, but in a 
cylinder of 6 feet or 7 feet in diameter that would not be enough 
for safety, owing to the possible inaccuracy of the core and 
the uncertainty about contraction, and we should allow from 
f inch to i inch in diameter. 

Then, on the other hand, a small piece of work need not 
liavo so much as the usual allowance, because, the surface 
being small, will only be affected by its local roughness and 
slight inequalities, instead of by some other portion of the 
surface two or three feet distant being possibly not in the 
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same plane with itself. Neither is a small casting affected by 
contraction as a large one is ; practically, it does not contract 
at all, since the rapping counteracts or more than counteracts 
its small amount. 

Again, in set work — ^that is, work which is repeated over and 
over again without any variation — we get to know the amount 
of contraction so exactly, and the least allowance necessary 
for fitting so perfectly, that we can do with less allowance 
than it would be safe to allow for in a first casting. We then 
reduce it to the minimum, so that expense may be lessened in 
the turning and fitting shops. 

Vame-plates. — These are attached to all work leaving the 
shops. They are cast in iron or in brass. The letters put upon 
the pattern are first cast in lead or tin, what are called ** block 
letters " being preferable, because easier to prepare, and not 
difficult to mend up if they tear the mould. They have a large 
amount of taper on their edges, and are fastened upon a 
wooden plate, which is usually surrounded with a narrow 
fillet-strip to improve its appearance. The letters are cast 
from metal patterns purchased for that purpose, and sold in 
many different sizes. The pattern-maker, in that case, has to 
file them up smoothly for moulding. Or they may be pur- 
chased by the g^oss already filed and ready for use. Common 
shellac varnish, especially if thickened with a little powdered 
chalk, will hold them very firmly ; but, if for permanent use, 
small upholsterer's gimp pins, or pins still smaller but of the 
same shape, sold for the purpose by the letter-makers, will 
render them more secure. Larger lead letters, however, say 
from 2 inches upwards, will be screwed on the plate. 

If a name-plate has to fit a curved or crooked casting it 
will be made straight in wood first, then cast in lead and 
bent to shape, and the mould made from the lead pattern. 
It wiU be as well to make a bottom board of the same shape 
to support the lead pattern during the ramming up. Or the 
pattern will be maae straight, cast in yellow metal or soft 
brass, and bent then to the curve direct. Sometimes the 
maker's name, instead of being bolted to, is cast in a piece 
with the work, the letters being put upon tiie pattern if cast 
in a vertical position. But if on the side where they would 
not deliver, the name-plate is put into a core-box, and the 
core dropped into a print impression made for its reception. 

Chequering. — The chequering of cast-iron foot-plates f(ir 
boiler- i-ooms, &c., is not always done, as many would suppose, 
in the pattern. The time required for making and nailing on 
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the lozenge-Bhaped diamonds on a foot-plate is most deceptiye. 
Hence the method oommonly adopted is to nail a double row 
of "chequers " on a strip of wood. Fig. 372, and to stamp it 



t 



Fig. S7S. 

in the mould, the hinder row of chequers dropping into the 
front row of impressions last made, and so forming the guide 
for the next row. 

Many items are kept in ** stock " in a well-ordered establish- 
ment. Oore-boxes for making plain round cores are thus 
always kept on the foundry shelves. A good set should run 
from f inches to 5 inches or 6 inches in £ameter, advancing 
by eighths in the smaller sizes and by quarter inches in the 
larger ones. They are made in cast iron, fitted as shown in 
section, Fig. 373, and bored out true in the lathe. Gores 
larger than these are oftener made from wooden boxes, or are 





Fig. 37& Fig. 874. 

struck up on a core-bar. Where the iron pattern rings of 
pulleys are kept in stock, large cores may conveniently be 
made from them ; or if very large — say over 18 inches or 24 
inches— from segment boxes (Fig. 374), six or eight to the 
cii'cle. Square wooden core-boxes are also kept in the foundry. 
Small prints are kept in all their sizes ; and instead of brad- 
ding them on, it is much better to have a standard " stud- 
bit " — i.0, a centre-bit of J inch or i inch diameter — and to turn 
studs on all prints to this size, by adopting which method they 
will be always readily interchangeable. 

Glue. — Glue must be kept free from dust and dirt in a dean 
box. When required for use, the pieces should be washed in 
cold water, broken up small with a hammer, and dropped into 
the middle pot with sufficient dean water to cover them well 
over. The bottom pot being about three parts filled with 
water is then put on the stove and simmered, the glue being 
stirred from time to time with a stick, and the scum which 
rises ladled off and thrown away. Too great a tempera- 
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tiire should be ayoided, for that would bum the glue and 
impair its adhesive power. A small cast-iron tank supplied 
mih hot water from the waste-steam pipe of the engine fiords 
a better means of heating the glue than a fire, because then 
the temperature can never exceed that of boiling water. 

Olue joints are made either with the trying plane or witli 
a longer plane called a " jointer." One face, or edge, as the 
case may be, is planed true first, and chalked, then its fellow 
is fitted to the chalked portion. Where the joint is long, two 
men rub it alternately backwards and forwards to work out 
all the superfluous glue and air, and " set " it when it becomes 
difficult to move it any more. The pieces thus jointed are 
sometimes secured with cramps, sometimes with staples or 
with weights, or are simply left to themselves — all dependent 
upon the character of Ihe work. Thin pieces having large 
superficies — ^thin segments, for example — have a tendency to 
curl upwards, the joint opening along the edges, owing to the 
swelling action of the moisture. Damping the upper surface 
with hot water from the outer pot counteracts this tendency. 

In winter-time the joints of the pieces to be glued should be 
warmed, else the glue will chill, and never set properly. The 
"thickness" or consistence of the glue is regulated by the 
amoimt of water present, and should vary with the charac- 
ter of the work, end grain joints or joints running obliquely to 
the fi^ain requiring thicker glue than those along the grain, and 
small stuff taking thicker glue than stuff having a large area. 
Both of the joint faces of the wood operated upon should 
receive an application of glue from the brush. From one and 
a half to three hours is suJQBcient to allow of the drying of the 
joint, more in winter than in- summer, though it is always 
better where practicable to give an imassisted joint a night to 
harden. 

Varnish. — ^The varnish of the pattern-maker is made by 
dissolving pale shellac in wood naphtha or in methylated spirit, 
in the proportion of about two pounds to the gallon. The spirit 
should be pure, for if there is water present the varnish wiU 
dry white and streaky. While dissolvmg, it should be kept in 
a w arm place, and shaken from time to time, or stirred with 
a clean stick. No other ingredient is put in, and the varnish is 
laid on with a brush only. When dry, the grain of the wood 
presents a hard rough surface which is glasspapered down, 
and another coat of varnish is laid on, two coats being the 
usual number for ordinary patterns, three sometimes for 
better work. When a large niunber of castings are wanted 
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from one pattern it is true economy to preserve the grain 
from the action of the damp sand by a liberal application of 
varnish. 

Paint is often used in preference to varnish in the case of 
large patterns. It gives a harder skin, is cheaper, and if 
plenty of ** driers " is put in it soon hardens. 

We have referred several times to the upper and lower 
parts in moulding as affecting planed and turned metal faces. 
The moulder, in most cases, would not be able to distinguish 
the one from the other in classes of work to which he was 
unaccustomed. Hence it is the custom in some shops to 
indicate the faced and unfaced portions by distinctive colours. 
Thus, if the pattern were varnished with yellow shellac 
varnish, the portions faced might be coloured black or red. 
This practice is often extended to distinguish prints from 
bosses, which are sometimes confounded by the moulder, 
cores being put into bosses, and prints being cast on. Then 
a third colour would be adopted for aU prints. 

Further, to prevent mistakes, and to keep a pattern register 
on the pattern itself, a printed label is sometimes stuck on, 
containing simdry items — as for instance, ** Pattern number, 
A 840; Number off, 7\do; Cast, this side down, Name of 
pattern, Steam-chest. Por, V2 horse engine,^^ and perhaps the 
initials of the foreman are added. Or a kind of cheque-book 
is kept by the foreman, and a written order from that book 
given loosely with the pattern to the foreman moulder, the 
counterfoil being kept in the pattern-shop. This might contain, 
** date, order number , number off, name of pattem,^^ In shops 
where little system is observed, because a very limited amount 
of work is done, it is usually considered sufficient to ehcdh 
on the pattern "^ off, ^ off, 12 off, as the case may be, and to 
give special instruction by word of mouth. 

Work of a makeshift character often has to be done in the 
pattern-shop and foundry. Castings are frequently renewed 
without a wood pattern, the broken or worn casting, as the 
case may be, being made to do duty as a pattern. Where 
this is the case, aU dirt and grease (which would cause the 
sand to stick) is burnt off ; parts that would not mould by 
reason of their being undercut are filled in with prints, and 
core-boxes made to take out the imdercut portions. Holes 
are filled up and printed ; contraction, if the casting be large, 
is allowed for by thin sti-ips of wood laid against the ends. 
Allowances for turning and planing are made by thin slips of 
wood, or of lead if me surfaces where the allowances are 
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required happen to be curved. Broken wheels are often re- 

E laced in tms manner, new patterns being expensive. The 
roken teeth are made good by the pattem-mdcer, the wood 
beinc^ fastened to the metal with thick shellac varnish, and a 
couple of mending-up teeth provided to make good any falling 
down of the moidd. These broken castings require varnish- 
ing in order to draw from the sand. 

Thin sheet lead is very useful in the pattern-shop for lining 
up the patterns of brasses or other bearing parts in order to 
accommodate them for a smaller bore, for thickening up 
curved faces where it would be difficult or impossible to bend 
wood, or for increasing by a slight amount the diameter of 
a pattern — as, for instance, that of a flange or small rigger. 
The lead is fastened on with fine screws or with brads. For 
lesser increments of thickness limp cardboard or thick brown 
paper are serviceable, attached either with glue or shellac 
varnish. Plaster of Paris, too, is almost indispensable in the 
shop. In small work of a temporary character a pattern, or 
some portions of a pattern, or an alteration to an existing 
pattern, can be made in a few minutes with plaster, which 
alteration would take a very much longer time if done in wood. 
And since its purpose is but temporary, it is of no consequence 
if the plaster becomes broken on leaving the mould. 

There is a good deal of rough work, as well as some of the 
very best, done in the pattern-shop. As a rule, the men who 
do the one class are not employed to any great extent upon 
the other. Among the rougher class of work shop tools take 
an important place, and in a large factory there is always 
sufficient in this line to keep one man constantly employed. 
There are boxes and turn-over boards for the foimdry, special 
chucks and templets and setting blocks for the turners and 
fitters, bending blocks for the boiler-makers, and dies of all 
descriptions for the smiths. Much special knowledge is re- 
quired in this work — little "tips" and ** wrinkles," as the 
workmen say — and certain allowances, all essential to tlie 
perfection of results. So that, after all, the term ** rough" 
rather implies an absence of ** finish " in the patterns than a 
slight equipment of technical knowledge or absence of ac- 
curacy. For rough work as applied in this sense a foreman 
or employer will provide special timber. While he will use 
the very best quality board that can be got for the best and 
standard work, he will provide a certain proportion of seconds 
for the rougher work of shop tools, core-box aides, boxed-up 
patterns, and loom-boards. 
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All patterns should be stamped before they go into the 
pattern stores. They may be stamped by the name of the 
piece of work to which they belong, or by some distinctive 
number, which number is kept in a pattern register, or with 
both together thus : ** 4i2r. three thbow pumps, b 482." 
The letter b has this nef erence : when the registered patterns 
have reached a certain number, say, 1,000 or 10,000, an 
increase in the number of figures is apt to cause inconvenience. 
Hence, there would be A 1, a 2, &c., up to the limit, say 
A 1,000 ; then b 1, B 2, as far as b 1,000 ; afterwards o 1, o 2, 
to 1,000, so that 26,000 patterns might be thus registered. 
The system is an excellent one, and is largely adopted. The 
drawback is, that when patterns have been repeatedly altered, 
as they very often are, for modifications of design and 
difference in dimensions, these registers become comparatively 
v£ilueless unless a very complete record of such alterations is 
kept in the pattern register itself. 

Cheddng Patterns. — A good many readers on seeing 
this heading will think, ** Why, there's nothing in that. 'Tis 
just a case of taking a few measurements, and then the 
thing is done." Well, if those of my readers had been 
checking patterns and castings as I have, for many years, 
and been entirely responsible and blamable for all errors in 
dimensions, I think they would have found that there is 
something worth saying about it. Of course, like other 
fallible men, I have had an occasional big blimder, but on 
the whole I have been tolerably free from these, and for 
the assistance of my fellow-craftsmen, both journeymen and 
foremen, I will just state concisely the gei^eral lines on which 
I work. 

I never assume that a pattern is correctly made. On the 
contrary, however good the workman is who has made it, I 
assume that there are some errors in it. I regard every pat- 
tern with suspicion imtil proved to be trustworthy. This is a 
safe attitude to take up ; the contrary assimiption may lead 
to trouble. 

Before measuring anything at all, look the drawing well 
through, in order to gain a clear idea of the relations of the 
several parts. Then walk round the pattern, and, taking a 
general survey of its broad features, see that everything shown 
in the drawing is also on the pattern ; and not only on, but 
in its proper relation to the other parts. Compare pattern 
and drawing in their several corresponding views in succes- 
Biou — plan, elevation, end views, and sections. When you 
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are sure that tlie general relations of parts are all correct, 
then begin to measure. 

Take first all centres and lengths embraced in one view— 
plan, or elevation. Don't trouble about other views, but 
finish one at a time. After the cardinal dimensions, take the 
less important ones, as minor lengths, thicknesses, diameters, 
&c., one by one, going over the drawing in detail. Some tick 
off each dimension as taken, but this is not necessary if 
oontifi;uous dimensions are followed, and it disfigures shop 
drawmgs. When one view has been thus treated, pass on to 
the next, and so on, until eveiy dimension in every view has 
been tested. 

As regards the methods of taking dimensions, they do not 
differ essentially from those employed on the marking-off 
table. Most patterns have to be laid either upon a true bench 
or on a drawing-board, or on a joint board, in order that the 
square may be tried up against vertical faces, both to test the 
truth of those faces and to take measurements therefrom. 

A foreman should always insist that centre lines should be 
scribed, not marked with pencil, which might be easily 
obliterated. Scribed lines facilitate measurement, and tend to 
accuracy. 

After having checked the pattern dimensions proper, the 
next thing should be to test the correspondence of prints and 
core-boxes, and to check the core boxes with the drawing 
dimensions. Note that the print thickness is allowed in the 
oore-box. Not infrequently it happens that this matter is 
forgotten, and that the oore-box is made minus the print 
thickness. 

As regards the correspondenoe of prints and core-boxes, it 
should be noted that they ought not to correspond exactly. In 
large cores the boxes should be rather smaller than the prints ; 
in small cores the boxes should be slightly larger than their 
prints. The reason is this : large cores become strained in 
ramming, and usually come out rather fuller than their boxes, 
and will then require to be filed before they will go into their 
prints. Small cores, on the contrary, come out a tnfle smaller, 
owing to the rapping of the box sides, and they are too small 
to become strained. In small patterns, again, the rappine 
niakes the mould rather lar^e, and therefore the diminished 
core fits slack into the enlarged mould. Of course, these 
differences are slight, and for rough work no notice need be 
taken of them ; but iu the best work, and standard work, 
account should be taken of these things, for a close-fitting 
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core prevents the formation of fins, and of slight move- 
ment out of place. On the other hand, when a moulder 
starts to file a core, the chances are that ho will file 
it irregularly, or take too much off. The precise amount 
of the difference in size between core-boxes and prints is 
one for experience. No two moulders or core-makers 
work alike. One man is more dimisy than another. Then, 
moreover, the thickness of the coat of blacking counts for 
something in small cores. GeneraUy, for large cores, I make 
the box a full iV inch or -ft- inch smaller than the print; 
and in small cores I make it slightly fuUer, or so that the 
calipers fitting easily over the print will fit very stiffly on the 
core. 

Important matters in checking pattern- work are, to see that 
faces are in winding with each other ; that parts are duly 
parallel, or at right angles, as the case may be ; that the taper 
is equally distributed, and that it does not interfere with 
worMng parts. 

In a rough-and-ready way the truth of faces in the same 
plane can be judged by the eye. But we often have to check 
the truth of faces which are not in the same plane, but are 
situated higher and lower, or which, if in the same plane, 
cannot be glanced or sighted down directly because of other 
portions of the pattern, as prints, brackets, and bosses standing 
up in the way. Then the winding strips alone are available. 
Do not use short winding strips. Employ them of such a 
length that they stand out a foot or more beyond the faces 
which they are checking. Error will then be magnified, and 
so become quite apparent. If, in a bad light, the edge of the 
farther strip is but dimly discernible, chalk the upper part of 
the flat face that faces towards the observer, and uie edge will 
then appear sharply defined. 

When trying surfaces that are in the same plane, it does not 
matter if the faces of the strips are not parallel with one 
another. But when trying faces that stand higher and lower, 
the strips must be kept strictly parallel, or the results will be 
iuaccurate. But when checking such higher and lower faces, 
it is usual to place packing blocks of parallel thickness under 
the lowermost strip to raise it up level with its fellow. 

Again, when checking opposite faces for parallelism, it is 
not usu^y accurate enough to take rule measurement down 
the opposite sides — that is, at right angles with the faces. 
Two strips should be placed on the opposite faces, and 
measurement be taken from their extreme limits in order to 
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magnify any want of parallelisni in these ftices ; or caliper 
measurement may be made, but the strips are better. In 
many cases caliper measurement cannot be taken, but the 
straightedges afford the only means available. 

To test the truth of faces at right angles, the try-square 
alone is often not good enough. Thus, if the face against 
which the stock of the square is tried is not true, this mode of 
testing will give erroneous results. And the flat surfaces of 
patterns are frequently not true, especially in old work. 
Hence the need of a level board upon which a pattern can be 
laid, and from which the set square can be tried. Or when a 
try-square is used, its stock should be long enough, or nearly 
so, to go over the entire breadth of the surface from which 
trial is made. This may seem a trivial matter, but it is not 
so; for if the surface upon which the stock is tried is out 
^V inch only, then on the length of the blade there will be 
i^r inch difiFerence, and this will often equal the allowance for 
taper, or half the allowance for machining. 

When putting taper see that it is equalised. This is best 
tested with a set square and with calipers. It is an axiom 
that a very considerable amoimt of taper shall be given to 
parts that are not working parts, but that the smallest 
appreciable amount should be given to working faces. 

A foreman should always exercise control over the allow- 
ances given for shrinkage. There are certain standard allow- 
ances given for average work, as ^ inch in 15 inches for cast- 
iron, i inch in 10 inches for brass and gimmetal, and J inch 
per foot for steel. But these are only averages, and every 
foreman who has had much experience knows as a rule how 
much these allowances must be departed from for special jobs. 
I cannot go into this extensive matter here, but mention it by 
way of caution. 

Another point is the making allowances for moulders' ways 
and the straining action of moulds. The pattern thiokness for 
all large plated work should be under size, if thicknesses are 
required accurate, because such thicknesses increase by 
casting. All deep moulds become strained also, so that a deep 
casting will usually come out as deep as the pattern itself 
though shrinkage allowance has been given. 

The accuracy of the pitch of wheel teeth and their equal 
thickness must be checked with calipers upon the pitch line. 
Their position, as regards riffht angles, is best tested by lay- 
ing them flat upon a surface ooard and trying a set square up 
iheir flanks. Tliis is better than using a trying square from 

V 
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the ends of tbe teeth. Their aco.uracj lengthwise should be 
tested by a small thin straightedge — ^that is, if they have been 
oat by hand. 

When checking dimensions, do as little arithmetic, adding 
and subtracting, as possible. Measure, wheneyer practicable, 
direct. If, for instance, 2-iV inches has to be taken from 
17tV inches, let the rule stand over the edge of the work that 
2iV inches. This seems a trumpery little point, but its 
observance will save a blunder in calculation sometimes. For 
the same reason, when checking a loam board, measure direct 
from the centre of the job, obtained either by straining a line 
or by laying a straightedge down it. Do not measure from 
the edge of the board, subtracting the differences from centre 
to edfi^e from every successive radius dimension. 

Old patterns in a jobbing shop are pitfalls for the unwary 
foreman. They are not to be trusted, for between previous 
alterations, shrinkages of timber, and damages in the foundry, 
they are often altogether wrong. In many old patterns special 
attention must be given to checking the shrinkage that the 
stuff may have undergone in the stores since last put away. 
Many old patterns that should be circular approximate to an 
elliptical form. They must be altered by gluing a strip on 
the edge, or, if circular and iointed, by gluing a liner in the 
joint ; if circular and solid, by sawing them down the centre, 
jointinfi^ the edges, and gluing sufficient between the joints to 
make tnem circular. Patterns that have been put away in the 
stores after the first time of using only are much more likely 
to be out of truth when brought out again than those whidL 
have been used several times at considerable intervals. The 
former are more liable to shrink (the stuff being comparatively 
new) than the latter, in which the stuff has been well seasoned 
by time. 

This is just a bundle of general hints, so much ought to be 
said if I were to go fully into details of measurement ; but 
these hints are the g^undwork of safe results. 
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CHAPTER XXXV. 

PATTERN-SHOP MACHINEBT. 

Lathes— For Light and fur Heavy Work^Gharaoteristicfl requisite— 
Ghacks — Saws— Cironlar— Framing— Sizes of Saws— Fences— Ofchrr 
Apparatus — Band Saws— Framing — Pulleys— Other Parts — Planing 
Machines — Fur Surfacing — For Panel Planing — Mitre-oatting 
Machine- Motor for Pattem-Shop— Gas Engine-^BliMfting— Speeds 
of Machines — Care of Machineiy. 

When the first edition of this book was published, I did not 
think its scope required that allusion should be made to the 
machines which are employed by pattern-makers. But in view 
of the increasing use of these machines, and the differentiated 
types which are ofPered for selection, I think it advisable now 
to write a special chapter on the subject, which will be of 
service to those who may have to do either with the selection 
of machines, or with their practical working. It by no means 
follows that what is suitable for a carpenter's shop is equally 
suitable for a pattern shop, or that what is adapted to one 
dass of pattern shop is equally well adapted to a shop differ- 
ently drcumstanoed. I shall endeavour, therefore, to make 
my comments as comprehensive and as concise as possible, to 
suit the widest possible range of conditions. 

Ijathes. — ^The lathe is, of course, indispensable. Saws, 
planers, fto., can be dispened with, and often are in small firms, 
but not tiie lathe. And at least two lathes are essential— one 
for light, one for heavy work. In larger shops there will be 
more. 

For light work, lathes of about 5-inch centres, or ranging, 
say, between 4^ inches to 6 inches are more useful than any. 
Smaller lathes are of limited value, while larger ones are 
more suitable for heavy work. In shops where light brass 
pattern work is chiefly done, lathes larger than these are 
seldom required: but in shops doing heavy work, and indeed 
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in all general shops, one lathe of from 8-inch to 1 2 -inch 
centres, dependent on the work chiefly done, will also be 
wanted. It is desirable that the beds should be of the extreme 
length usually manufactured in a given size. The small 
lathes should have beds of from 5 to 6 feet in length, and the 
larger lathes, beds of about 12 feet in length. The reason is, 
that they are suitable for turning pipes and oolumns without 
the necessity of haying frequent recourse to the temporary 
extension of the beds for that purpose. 

There are plenty of good smidl lathes manufactured by 
various firms which are suitable for the pattern shop. I wiU 
not illustrate these, as their forms are so well known, but will 
only mention the characteristics which it is desirable that such 
lathes should possess. 

Everything should be rigid, massive, stoutly proportioned. 
This is necessary to ensure steadiness during turning, and the 
prevention of vibration and wobbling, which are quite fatal 
to the performance of accurate work. Usually these lathes 
are bolted, not upon concrete foimdations, like heavy machine 
tools, but upon floors and joists ; and this is another reason 
why they should possess rigidity in themselves. Hence, also, 
I should always prefer laSies with iron beds and iron stan- 
dards, notwithstanding that in many pattern-maker's lathes 
these parts are made in wood. 

Another, and most essential point, is that the bearings of 
the mandrels should be of good length, especially those for 
the running mandrel in the fast headstock. They should not 
be less than from three to four diameters in length. Further, 

1 do not think steel cones at all suitable for pattern-maker's 
lathes, which run at high speeds. They are liable to become 
heated and scored. The bearings should be of gunmetal, 
or better still, phosphor bronze ; and even then, I uiink that 
parallel bearings are better than cones. 

In some lathes the fast head is cast in one piece with the 
bed. There is no special advantage or otherwise on the score 
of rigidity in this arrangement, being made only with a view 
to cheapening manufacture. 

In reference to tool rests, the ordinary tee rest is always 
used for the average run of work. When a long piece of 
work is being done, then a specially long tee rest is employed, 
being supported in two sockets placed from 1 foot 6 inches to 

2 feet 6 inches apart. But in a shop where a considerable 
amount of pipe and column work is done, then it is desirable 
to have a lathe fitted witli a plain slide rest operated by hand^ 
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with plain rack and pinion movement, the tool being held iu 
a tool post in the socket of the rest. For the taming of 
tapered columns it is desirable that the ^j>pet should be 
capable of a transverse movement But this is seldom done 
in lathes of English manufacture. 

For turning face work of large diameter, there are two 
methods usually adopted in the shops. One is to turn the 
headstock riffht round on the bed, so that the faoe-plate 
revolves at the end of the bed, the other is to turn it half 
round, and run with a twist in the belt. The alteration 
involves some trouble, and, of course, in a lathe having the 
headstock cast in one with the bed is quite impracticable. 
Since in some shops a large proportion of the work consists 
in face-plate turning, such as wheels and pulleys, bosses and 
facings, pipe bends and mouldings, it is worth while to have 
either a special face-lathe, or an ordinary lathe fitted with an 
overhangiDg mandrel and floor rest, like ¥ig. 375. These 
lathes are of a highly useful type, ^and the floor rest in the 
figure has the merit of great steadiness, being quite self-con- 
tained and independent. 

The chucks used by pattern-makers are very simple. They 
only comprise the fors, the bell, and the face chucks ; the 
latter in the two forms of the taper screw for some of the 
smallest jobs, and the plain plate with countersunk holes for 
wood screws. Generally an int^jrmediate face-plate of wood 
is employed between the iron plate and the work. 

Saws. — ^During the whole of my apprenticeship I never 
used circular nor band saws. Now there are few shops in 
which lads get much practice in the use of the hand saw. 
There is a vast improvement in the types of the circular and 
band saws manufactured to-day by contrast with those made 
twenty years ago. In these, as in other machines, one cannot 
say that such-and-such a machine is better than any other, 
but must be content to indicate the principal essentials in a 
good machine. 

It is an easy job to fit up a braced wooden framework for 
a circular saw, leaving only the saw and its spindle and 
pulleys to be purchased. But such a structure is lacking in 
ihe rigidity which a boxed framing of cast-iron possesses. 
Because of this, therefore, and also because an iron standard 
is better adapted to the fitting of fences than a framework of 
wood, I should be in favour of the purchase of a complete 
saw bench of iron fitted with a oantiog fence, with or witiiout 
other attachments. 
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The size of saw must be selected with reference to the re- 
quirements of any given shop. For shops doing only light 
work, saws of from 12-inch to 14- inch diameter are large 
enough. But for the average work of most pattern shops, 
saws of from 16-inch to 18-inch diameter will he more suita- 
ble; while in shops where the same saw has to serve the 
carpenters as well as the pattern-makers, saws of 20-inch or 
21 -inch diameter may be selected. Always a saw should be 
selected to suit the heaviest work that a shop is ever likely to 
have, because a small saw cannot be made to do work beyond 
its capacity, while for light work it is always practicable to 
change the large saw for a smaller one bored to fit the same 
spindle. This is commonly done, just as cross-cut and ripping 
saws are substituted one for the other as required on the 
same spindle. 

I need not say anything about the construction and pro- 
portions of spindle;* and pulleys, nor of the shapes of saw 
teeth, because these are generally correct when they leave 
the makers' hands. It is only necessary to state what pur- 
pose the saws are to be used for chiefly — whether for ripping 
or cross- cutting, for hard or soft wood, and the proper saws will 
usually be delivered. Neither can I enter into such matters 
us the setting and sharpening of the saws, which would lead 
me beyond the present connection, but will confine my 
remarks to matters more directly connected with the selection 
of saws. 

A pattern-maker's saw bench should be provided with an 
adjustable and removable fence. This is essential if the 
bench is to be utilised to its fuUest extent. In a very large 
proportion of repetitive work for pattern-makers, as well as 
for carpenters, much time can be saved by the use of the 
fence. It is desirable that the fence shall be provided with a 
canting movement for bevel sawing, for lagging strips, &c. 
And it is necessary that the fence shall be removable to leave 
the table quite clear for wider stuff and for cross-cutting. 
The saw in the illustration (Fig. 376) possesses such a fence, 
movable in a direction parallel with the face of the saw, pro- 
vided with a canting movement, and being hinged also in 
such a manner that it can be thrown backward over the end 
of tlie table. 

This saw, in common with many others, is fitted with a 
rising and falling spindle. This arrangement is of much 
service in the pattern as well as in the joiner's shop. The 
shouldering of half-lap joints and of tenons, and the edges 
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of gloves, can be sawn to line, entirely saving the cost of 
hand sawing, rebating, or grooving at the bench. Moreover, 
when there are two saw8, one can be sharpened for ripping 




Fig. 877. 



and one for cross-cutting, and either one can be elevated in 
an instant, and to any height above the table — slightly only, 
or to the utmost limit of its range, to suit cuts of any depth. 
In the machine illustrated in Fig. 376 the saw can be 
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removed, and a cutter block substituted, by wbieb tonguing 
grooving, rebating, and beading can be done. This is an 
advantage also in some shops, dependent entirely on the class 
of work done. 

There is also an attachment for boring holes, and a rising 
and falling table for supporting the work being bored. This 
is hardly of so much advantaere to a pattern-maker as to car- 
penters, but is a mittor worth consideration in a shop where 
the carpenters work with the pattern-makers. Often when 
this is the case it is better to have a plain circular saw with 
canting fence only for the pattern-makers, and have a general 
joiner for the special use of the carpenters. But, as I have 
already remarked, the choice in any single instance must 
always be decide i by the circumstances, which vary in every 
works. 

The band saw is almost, if not quite, as valuable an adjunct 
to the pattern shop as the circular. Where there is no oand 
saw, all segments and swept work have to be sawn laboriously 
with bow, or compass, or keyhole saw. The earlier saws 
have been much improved on in the direction of increased 
lightness combined with greater rigidity, in better guid- 
ance, and in the lessening of the risk of breakages of the 
saws, and in improved balancing. I cannot go into the 
history of these in detail, but will proceed at once to point 
out the chief characteristics of a good saw. 

The framing must be of the boxed type, because that is the 
most rigid form, and a rigid framework is one factor in the 
lessening of liability to vibration, and consequent fracture of 
saws. The framing shown in Fig. 377 is a good typical 
one. 

The pulley wheels should be as large as practicable. Small 
pulleys are a fruitful cause of the fracture of saws, because 
they bend the saws to a relatively small radius, which, with 
the constant return to the straight form, stresses them unduly. 
Large pulleys, on the contrary, bend liie saws to a relatively 
large curve only, with relatively less stressing of the steel. 
If a band saw has puUeys of small diameter, as in the case of 
the smallest machines, which are occasioncdly operated by a 
hand-wheel in shops destitute of power, then the saw should 
peiss over three pulleys having their centres arranged at 
three points whose connecting lines would form a triangular 
figure. 

It is essential that the puUey wheels should be very light 
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Heavy wheels are a fruitful source of breakages because of 
their excessive momentum, causing overrunning and undue 
downward pressure and bending in the saws. The best 
wheels are those of spider design, like bicycle wheels. 
Flanges at the back of the wheels are not essential. If 
the wheels are properly balanced and correctly hung, 
and the saw runs in a suitable ffuide, then the saw 
will not run off tLe wheels even though they have no 
flanges. 

The tension on the saw should be taken off whenever the 
machine is lying idle. 

Kubber, and not guttapercha, is the covering most suitable 
for the wheels. 

The saw is supported at the back, both above and below 
the table, with guides. These are either steel roUoi-s or steel 
pins, or simply bits of hard wood — apple-tree generally — 
saw-kei*fed to receive the saw, and well saturated in oil. 
Tlie top guide is adjustable in the vertical direction, in order 
that it may be fixed in a position immediately above the stuff 
being sawn. In some machines it is counterbalanced. The 
lower guides are generally let into a shallow recess in the top 
of the table. 

The table should be of the canting type for pattern work, 
80 many edges being required cut on the bevel, 

Flaning Machines. — AVe now come to a machine which is 
found in a relatively small number of shops, but which is 
nevorbhcloss second to no other machine in economy and use- 
fulness ; tho planin.2: machine, two typ^s of wliich are shown 
in Figs. 378 and 379, the latter being the more useful of 
the two. 

The fundamental difforence between the machines shown 
in Figs. 378 and 379 is that the first one surfaces only, the 
second both surfaces and thicknesses. The latter is, there- 
fore, worth, in economy of time, much more than the extra 
money charged for it. In a shop of ten or twelve men and 
boys, one of these machines would recoup its first cost in a 
twelvemonth. But tho shop labourer must be trained to 
attend to it, for if it is used miscellaneously by each man and 
boy in the shop, it may become injured, and inflict serious 
injury on some one, for the revolving knives and the belts 
are not to be played with or dozed over. 

The machine in Fig. 378 comprises a boxed standard, 
provided with veed diagonal ways, upon which slide two 
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tables, adjustable with the Iiand wheels seen to right and 
left. The table at the right-hand is kept below the left-hand 
one by the amount of thickness which is to be removed from 
the board at one cut. The stuff is fed forward over the cutters 
by the pressure of the hands alone, and this pressure must 
not be in excess of that actually required for the movement 
of the timber, otherwise the planed surface will not come out 
true, but winding. Of course, if the stuff is badly winding 
in the board, two or three separate cufc will be required to 
remove all the rough exterior and leave a true smooth 
surface. 

The truth of the planed surface depends also upon the good 
sharpening of the knives, and their correct setting radially 
and longitudinally upon the adze block or driving spindle. 
This is the work of the attendant, who employs a straight- 
edge held along the top of one of the tables lor testing the 
correct setting of the knives before finally tightening the set- 
screws. This machine is fitted with an adjustable and 
canting fence for the guidance of edges which have to be 
planed either square or at a bevel. 

The second machine (Fig. 379) is much more complete 
than the previous one. The stuff is surfaced over the top 
tables, which are adjustable. But the means of adjustment 
are more complete in this machine than in the previous one, 
comprising for each table a worm, and worm-wheel operated 
by a handle, together with an index-plate and pointer, injii- 
cating the amount of vertical movement of the table in frac- 
tions of an inch. The right-hand table is also fitted with an 
adjustable and canting fence. 

But the special value of machines of this type oonsists in 
the provision for thicknessing, which is accomplished between 
the lower table seen in the figure and two feed-rollers, the ends 
of whose spindles are seen at the front of the machine. These 
spindles are driven by pulleys and gearing operated by a belt, 
quite independently of the belt which drives the outter- 
spindle, and there is a separate striking-gear also for each 
set of motions. The countershaft with its pulleys is 
shown in the illustration. The essential point is, that 
after the one face of the stuff has been suri&ced over the 
top tables, the trued face is then carried along the lower 
table by means of the feed rollers, and the top rough 
face is planed over by the revolving cutters above. As the 
bottom table is parallel with the roUers and with the outter- 
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block, the stuff is thicknossed quite parallel, while the fact 
that the lower surface has been already trued, and is laid 
upon the trued surface of the bottom table, ensures that there 
shall be no winding of the stuff after it is delivered at the 
right-hand end of the machine. The height of the lower 
table is adjustable by means of vertical screws, bevel gear- 
ing, and the hand wheel seen at the left-hand end of the 




Fig. 383. 




Fig. 381. 

figure. This is altogether an exceUently-deeigned and very 
serviceable machine, suitable for any pattern-shop, large 
or small. 

A useful little machine in the pattern shop is Fox's Patent 
Universal Trimmer, Figs. 380, 381, 382. It will cut anv 
ends within its capacity, both square and bevelled, and aU 
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bevels, besides mitres. An end that would take ten or fifteen 
minutes to square or bevel with chisel and plane, can be done 
more accurately in this machine in a less number of seconds^ 
The gauges or guide brackets at the ends of the machine, 
which are quickly adjustable to lines scribed on the planed 
base, become the guide for bevel cutting in one direction, 
while the true adjustment of the faces of the knives at riphl 
angles with the face of the planed base, insures square cutting 
in the other direction. Fig. 380 sliows the back of the bench 
machine; Fig. 381, the front; Fig. 382, an improved form 
mounted on a cast-iron standard. In Fig. 381, which shows 
the front of the machine, the left hand bracket is pinched in a 
position at right angles with the edge of the base, but the 
right-hand bracket is removed out of its place and detached 
to show the hinge. The quadrant slot along which the brackets 
move, is seen at the loft- hand end. 

The two knives are screwed to a plate which is guided in 
grooves planed in the base of the machine, and in the top 
cross-bar, and are actuated by a hand lever and pinion work- 
ing in racks above and belov^. This detail is seen in Fig. 
380, which is a view of the back of the machine. To pre- 
vent accidental cutting of the hands by the acute comers of 
the knives when th*^y project beyond the ends of the machine. 
' guard wings of iron are screwed to the ends of the machine. 
These are shown attached at one end of the figures, while the 
guards are removed from the other end and laid down 
beside the machine. In the later type, Fig. 382, there are 
several improvements introduced besides the standard. In- 
stead of the pinion for actuating the knives there is a half- 
segment and counterbalance, so that when not in use the 
knives are retained in any required position. It has also a 
stop-pin fastening for retaining the gauges or brackets at any 
required angle, and small adjustable stops against which 
work is set while being cut to definite lengths. Specimens of 
the work which is done with these machines is seen l>ing 
about. They are manufactured in Mich., America. The 
English agents are Messrs. J. B. Stone and Co., 135, Finsbury 
Pavement, E.G. 

The best motor for a pattern shop is a small gas-engine, 
provided specially for the use of the pattern shop. This is 
better in many respects than an engine situated elsewhere in 
the works, or than bringinp: stoani-pipes from the works 
boiler to an engine in the pattern shop. An engine of from 
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4 to 6 H.P. is amply powerful enough to drive all the ma- 
chinery in a pattern snop of quite average size. Such an 
engine makes about 120 revolutions per minute. This Bpeed 
should be reduced at the line shafting to 90 revolutions. The 
machines will all be driven from countershafts off the line 
shafting, the speeds being different at all the machines. 

The spee<la of the countershafts may be roughly as fol- 
lows : — For lathes, 400 to 600 revolutions per minute ; for the 
circular saw, 400 to 600 revolutions per minute; for band saw, 
400 to 500 revolutions per minute ; for planer, 600 revolutions 
per minute. 

As regards the speeds of the macliines themselves. The 
lathes can be made to run at almost all speeds by means of 
their stepped pulleys, or, say, anything between 400 revolutions 
and 4,000 revolutions, depending entirely upon the size and 
nature of the work being done. Circular saws should travel 
at the rate of 7,000 or 8,000 feet per minute at the periphery, 
band saws at the rate of 4,000 feet ; the knives of the planer 
should make 2,500 revolutions ; a grindstone, 90. 

A panel -planer requires 2 H.P. to drive it; a band saw 
from jt to j H.P. ; a lathe, nearly nominal; a 20-inch circular 
saw, 2 H.P^ 

The whole of the machinery in a pattern shop should be 
put under the sole charge of one man, and no others allowed 
to meddle with it. His work would consist in starting and 
stopping and cleaning the engine, keeping the shafting and 
DUichine clean and lubricated, and operating at least the 
planer, and perhaps the circular and band saw. This, with 
the cleaning up of the shop, running with messages, and car- 
rying pattern work into the foundry is work enough for one 
man. 

Constant cleaning and lubrication are essential to the 
good running of motor and machinery. 

The water-tank for the gas-engine must be kept full, 
and the circulation in the jacket maintained, and the hand 
should bo tried on the jacket two or three times every day to 
see that there is no obstruction to the free circulation of the 
water, which would cause overheating of the cylinder to 
occur. In frosty weather the water should be let out at 
night, and the jacket refilled in the morning before starting ; 
without this precaution there will be the trouble of a cracked 
cylinder. 

The knives of the planers must be kept well ground 
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and sharp, and the trimmings in the bearings seen to and 
properiy lubricated. 

The circular and band saws will have to be kept suitably 
set and sharpened, the bands on the band saw kept free 
from sawdust, and the packing in circular and band saws 
well lubricated. 

The lathes must be cleaned down at intervals, and the 
lubricators in the shafting bearings kept full. 
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CHAPTER XXXVL 

THE QUAMFIOATIONS OF A PATTBBN-MAKEB. 

Spedalisation of Work.— Woolwioh AnenaL — ^Mental Loss suffBred by 
Machine Hands. — Variety in Pattern Work. — Book Knowledge. — 
Need of Technical Education.— The Belation of Study to Work.— 
Principles and Practice.— Projection. — ^Arithmetic— E^erienoe. — 
Antiquity of Pattern-making. — ^Its prospects. 

Thosb wHo liaye perused the foregoing chapters will have 
observed that I have not written to give instruction in the 
manipulation of tools and timber. Such instruction could 
only nave been imparted at the sacrifice of an equiyalent of 
that more advanced knowledge which I have striven to 
embody therein. I have therefore assumed that those who 
would read this work were already in possession of a certain 
amount of elementary instruction in wonDshop practice. Hence 
I have written for Uie apprentice who has learned the first 
lessons of his craft, for the joun^ worlmian whose experience 
has been limited and opportimities few, for the draughts- 
man who finds himself sadly crippled in designing new work 
through lack of knowledge of pattem-maHng and mould- 
ing, for the amateur who has learned how to handle tools 
and has a smattering of engineering construction, and also, I 
trust, for those workmen — ^a large class — who, in these days 
of extreme specialisation, have been accustomed to one kind of 
work only, without enjoying the opportunity of learning 
aught of any other. There are many men who, having been 
trained in a shop where special work only is done, cannot 
readily turn their hands to any other branch. In their special 
groove they KQt along very well ; at all else they prove incom- 
petent, simp^ on account of the initial difficulties which a 
little instruction would enable them to surmount. This evil 
increases year by year, and the praise a fitter once baatnwed 
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troou a fdlow-voTlnnan, to the effect that he was ''a fir8^ 
f&BB slide -yahre hand," bears testimony to the manner in 
which work ib being cut up, to the adyantaffe of the pur- 
chaser, but to the corresponding intellectual disadvantage of 
the workman. 

Take Woolwich Arsenal, for example, as a type of many a 
smaller factory. There, though one cannot help admiring thu 
ingenuity displayed in the designing and penectinff of the 
numerous and valuable time-saving machines in use uirough- 
out the place, there is a mournful feeling that the workmen, 
unless their intellectual character be developed in some way 
or another outside and independently of their daily labour, 
must degenerate in time into mere machines also. Think of 
the mental loss suffered by the man who has to cut the dove- 
tails in the ends of the cartridfi^bozes all the year round — 
who does not even cut them by hand, but merely presents 
those ends to the automatic machine which takes them out. 
Or that mental ennui which must be endured by the man of 
monotonous occupation who glues these dovetailed comers 
together perpetually — pile after pile, hundreds of boxes in 
succession — from whose sense of responsibility even the risk 
of making a bad joint is eliminated by the use of a parallel 
screw clamp of metal. This mental loss is one factor in the 
heavy price we have to pay for our industrial superiority ; 
hence the greater need for the cultivation of those technicMEtl, 
scientific, and literaiy aids and recreations which are now 
happily within the reach of every one. 

This is somewhat of a digression, but it iQustrates in rather 
an extreme manner the injury which our modem subdivision 
of labour does to the workman by robbing him of a useful 
range of experience — injury, not only because it renders 
almost unnecessary the continual exercise of his faculties, but 
also by making him incapable of accepting any other situation 
save one involving precisely the same routine of automatic 
labour as that to which he has been accustomed. Now, in 
the case of the pattern-maker, this danger does not exist to 
anything approaching the like degree, because even in a shop 
where but one class of work is done, whether it be locomotive 
or marine engines, cranes, pumps, or anything else, there is 
much vanatiun in the different patterns for the different parts. 
But still there are very few snops indeed in the kingdom 
where the range of work done is so extensive as that which 
those chapters, now concluded, have embraced. Consequently, 
there exe numbers of pattern-makers and draughtsmen who 
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have never had a practical knowledge of bo many classes ol 
work. And now, having thus far treated of the general 
principles involved in those various types so fully that I 
think it would be impossible to name any special piece of 
work to which those general principles of construction would 
not apply, I propose devotinff a last page to the discussion of 
the mental training which £ould proceed ooincidently with 
the practical work of the shop. 

Now I am not going to frighten my ambitious fellow- 
workmen who are desirous of becoming first-class craftsmen 
by marshalling before them a long array of studies. Book 
knowledge is not indeed really necessary, for I have known 
excellent workmen who were comparatively illiterate men; 
but then they were incapable of ever becoming anything more 
than mere men at the bench. But the time has gone by, I 
think, when the majority of young men were content to 
labour without an aspiration beyond journeyman's wage and 
the coming Saturday night. The workman's mental horizon 
has expanded, and the pleasures of literature and the marvels 
of the wonderland of science occupy the leisure which was 
once idled away in the streets or the public-house. And 
now, as ever, though the average man may not rise above 
the ranks, he is appreciated the more if he has learned the 
fundamental reasons of things, and so can proceed intelli- 
gently at his tasks. 

But even when working at the bench no man knows how 
soon he may be thrown upon his own resources for rough, and, 
ready design. There is many a comfortable shop where one 
or two pattern-makers are kept for repairs, and where there 
is no draughtsman or designer— no one who can render him 
the least assistance. Yet if a man proves himself competent 
to cope with emergencies as they arise, and can do a job 
quickly and substantially without extraneous assistance, he 
generally has employment so long as he cares to keep it. So, 
too, in many pattern-shops a working foreman only is kept, 
and the men have much more scope for the exercise of their 
talents than in those larger establishments where draughts- 
men and foremen arrange everything for them. In general 
shops again, the workman will often have new and strange 
jobs given him to do, unlike any that have been done in the 
shop before, for which he should be prepared by a study of 
the principles bearing thereon. In repair and jobbing shops, 
also, workmen, as well as foremen, are sometimes sent out 
to receive instructions relative to break-down work and 
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proposed alterations. For these, and many more reasons, 
the pattern-maker's craft is not so easy of mastery as many 
others are, and it should be his aim to prepnre himself for 
contingencies that may arise in the routine of bench work, 
and for duties which, if he ever becomes foreman, lie will be 
called upon to perform every day. 

It is of no use to think of becoming a good pattern-maker 
without becoming also, to some extent, a good engineer. A 
man ill-informed in the principles of design hesitates how to 
proceed with a new piece of work, or whether to proceed with 
it at aU without callmg in some extraneous assistance, simply 
because he does not know the elementary principles on which 
his work is based, k. knowledge of the elements of geometry 
or mensuration woidd often enable him to mark out and cut 
away his stuff at once, instead of working slowly and doubt- 
fully in the dark. A dear knowledge of the uses to which 
his work is to be put will enable him to bestow greater care 
on parts where the greater accuracy is desired, and to bestow 
less labour on the unimportant portions, and a knowledge of 
the mechanical laws on which his trade is based will give 
him a vast inci*ease of interest in the details of the workshop. 
How delightful to the worker who has also become a student 
to see for the first time in books those things with which 
he has been familiar in the workshop, without knowing the 
why and the wherefore — to see them explained and illus- 
trated, and to learn that the principles of his dull craft are 
founded on laws as immutable as those which guide the 
planets. 

Briefly noting the studies by which he should qualify him- 
self for his trade, first in the list of his requirements comes 
the statical portion of mechanics. Here he should well 
understand the Parallelogram of Foroes, with its modifica- 
tions of the triangle and polygon ; the principle of the lever, 
and the methods of calculating leverages, smce these have 
their applications in screws, gearing, belting, girder calcula- 
tions, weighbridges, and so on. He should abo be conver- 
sant with the fundamental properties of fluids, as bearing on 
liquid pressure and the flow and efflux of water ; also of atmo- 
spneric pressure as afPecting the construction of pumps and of 
steam-engines. Heat, also, as bearing on the expansion and 
contraction of metals, the warming of buildings, the economy 
of the steam-engine, and its equivalent in mechanical work 
should be studieo. Mensuration of superficies and of solids 
Is also a necessary acquirement| as are likewise the commoner 
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problemB in plane g^metry. And now that deotrioal 
engineering is coming to the front, he might find it to his 
advantage to understand the principles of dynamical and 
statical electricity, and their application in the construction of 
the dynamo. Ail these will be studied best in the elementary 
and advauced classes held in all important provincial towns 
in connection with the South Kensington Department — sup- 
plemented, of course, by home rea(ung. Neither will the 
pattern-maker find it bo difficult to master the knowledge of 
these things as an unpractical person would do. For he sees 
the applications of their principles around him every day of 
his life. They are so perpetually before his eyes that he too 
often fails to observe or to regard them. He has only to 
walk through the factory with his eyes open to see dozens 
of instances of the application of the principles enunciated in 
his books. Hence, what is so dry and difficult of application 
to the mere student becomes instinct with life and fact, and 
plain and practical, to the observant workman. 

A knowledge of drawing is one of the chief requirements 
of the pattern-maker. And by this I do not mean merely a 
skill in making drawings from copies. A mere tracer can do 
this after a few months' practice, without possessing any know- 
ledge of that which his drawing represents. But by orawing 
I mean the principles of projection as applied to geometric 
figures, in plans, elevatibns, sections at various angles, and 
so forth. Mere copying of the so-called mechanical drawings 
provided in the schools of Art is of little or no value ; but 
the student who has thoroughly mastered the principles of 
projection will never experience any serious difficulty either 
in making or in understanding an intricate drawing. The 
leisure of a few months devoted to this subject wui be of 
invaluable service ever afterwards. Most of the drawing 
^hicb the pattern-maker has to do is done to full size upon a 
chalkod board, and therefore minute proportion and finish 
are neither looked for nor are they necessary. But he wiU 
be able to see through an intricate small-scaled general or 
detailed drawing rapidly and aocuratelyy when he is thoroughly 
conversant with the principles by which its various views are 
projected. 

The scientific knowledge of the studious worker has to be 
put to practical use, and for this information of a more 
technical character must be acquired. Knowing, for instance, 
liow to calculate the strains due to the leverages in a certain 
pieoe of work; we also require to know someuiing about the 
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tftreiigth of the materials which enter into engineering oon« 
etruction — iron^ giinmetal, copper, oak, red deal, pitch pine, 
&c. — and how to combine these with our arithmetic in the 
shime of multipliere, coefficients, &c., for tensile, compressive, 
ana shearing strains. A knowledge of how to read the 
simpler algebraic formuloe — that is, the meaning of signs, 
brackets, associations of quantities, &c. — is necessary, though 
algebra and trigonometry themselves are not required in we 
pattern-shop. Common aritlmietio will enable the workman 
to perform all the calculations he will have to do; ana by 
common arithmetic I mean the elementary rules, together 
with proportion, decimals, and evolution of the square and 
cube roots. 

Lastly, there is that experience which, in the course of 
time, bears the semblance of intuition — that experience which 
oomes of dose and long-continued observation, and is invalu- 
able to its possessor. Such intuition is far superior to mere 
book learning — infinitely better than an exhaustive study of 
all the text-books without it. Yet when the two are harmoni- 
ously combined, the result is a full and ready workman who 
keeps his situation through slack as through busy times, 
because he has rendered himself so valuable to his employers 
that they are loth to let him go. Such it diould be the aim 
of every workman to become, and even though he may not 
perhaps attain the highest prizes, he can never receive that 
contempt which is awarded freely to the indolent and in- 
competent. 

I nave ever loved the trade of my choice. I prefer it to 
any other with which I am acquainted, and I like it mainly 
because of the variety of employment which it affords, em- 
bracing as it does the whole range of the engineer's luiow- 
ledge, designing, moulding, fitting, and the application of 
many branches of science beside. It would not do for us all 
to think alike ; but I should not like to be making table-tops 
all my life, nor framing chests of drawers together year after 
year, nor French polishing till my hair turned grey. I love 
this trade because the continual change of work requires a 
constant exercise of the mental faculties, at once pleasing 
and healthful, and invests subjects apparently dry with an 
ever-new interest. My pattern-making is also of very high 
antiquity, since some Neolithic fellow- craftsman must have 
modelled the pattern of the metal mould, with its gate and 
nmner and dowels, from which the first bronze user made 
tOB first hatchet or chisel of metal. And it can never be 
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•upei^seded, since no machine can eyer take the place of 
intelligence in the construction of patterns whose tjpes and 
diniousions are seldom exactly alike. 

My task is done. From beginning to end mine has been 
a pleasant occupation. I have striven to make this volume 
supply a want which I have experienced in former years, 
and trust that it may be of service to others in years to come. 
The types of machinery are ever varying, but ihe principlet 
which no at the foundation of their pattern -making most ever 
remain the sams. 
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PATTERNS FOE PLATE MOULDING. 

Tum-orer Boaidfl.— Various Types.— Plate Moulding.— Odd Side.— 
Wooden Plates.- Metal Plates.— Details of Fitting same.— Casting 
Hates.— Economies of Plating.— Examples.— Moulding Machines. 

The basis of plate moulding is seen in the tnm-ovep boards, 
which are also called bottom boards and joint boards. Their 
purpose is to assist the moulder either by economising his 
time, which would otherwise be wasted in levelling or jointing, 
or by rendering temporary support to a pattern which, but 
for that aid, would yield excessively to the rammer. In the 
former case the board has a plain surface ; in the latter it 




Fig. 383 



follows the outline of the pattern, or moulder's joint, 
whatever that may chance to be. When the board is 
plain and the pattern in halves, the bottom half of the 
moulding box is laid upon the joint board, inclosing 
one half the pattern, which also has its joint upon 
the joint board, and is there rammed up (Fig. 383). Both 
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joint and pattern are therefore true without the trouble of 
levelling with winding strips. The box then remoyed from 
the board and turned joint upwards, receives its top part and 
the other portion of the pattern for the completion of the 
ramming up. 

A board of this kind should be made stout, of from 1 i-inch 
to 3-inch stuflF, according to size of work. Pitch-pine or red 
deal are better than yellow pine, because harder. The pieces 
of which it is composed should be narrow and open- jointed, 





Fig. 384 

to allow for the swelling and expansion in width which will 
take place in damp sand. They will be held in place with 
stout battens screwed underneath, 4 inches to 6 inches deep, 
by 2 inches or 3 inches thick. 

Fig. 384 shows such a board with the holes for the pins of 
the moulding box ; Fig. 385 is another, used when the presence 
of battens would be objectionable, as when pattern parts are 
put on both sides. This board is made of two thicknesses of 
strips slightly open-jointed, crossing at an angle, and 
secured with wire nails. Strips of hoop iron are rebated into 



Digitized by VjOOQIC 



PATTERNS rOB PLATS MOULDINO. 



817 




Fig. ays. 



Digitized by VjOOQIC 



818 



PATTEBN-liAEINa. 




both faces next the edges and screwed on, serving to retain 
the strips at the edges, and to receive the holes for the 
pins of the moulding box. Such boards are made of large 
dimensions, both oblong and square. 

The turn-over board for the 
pattern of a gutter casting (Fig. 
386) will afford an excellent 
illustration of that type which is 
framed to give temporary sup- 
port to patterns too slight m 
themselves to retain their proper 
shape in the sand. 

The bottom board in this case 

answers three useful purposes. 

Gutter castings are very thin, 

not more than J inch, ofteuer 

-iV inch, so we stay our otherwise 

weak pattern upon its blocking. 

^ Then, in consequence of their 

^ shape, they invariably curve in 

^ cooling, and we counteract this 

by imparting the amount which 

\^// experience tolls us they will 

curve, to the bottom board, but 

of course in the reverse way. 

Also we make the moulder^s joint 

(Figs. 386, 387, a, a) at the 

gutter ends, and so save him 

the trouble of sleeking it every 

^ time he rams up the pattern. 

Y^/ jy ^^/ /y ^^* ^^^ these precautions, 

^ // i\Ny /Y the gutter ends ; the flanges, or 

sockets and spigots, as the 
case may be, would be awry, 
and not match one another; 
and the eastings w^ould be 
hollow on the back, so that the water would always find 
a low place to lie in instead of running right away. In 
a gutter of the annexed section the open side must be made 
hollow in the pattern to bring the casting straight. In a 6-feet 
or 7-feet length the amount of concavity will range between 
i inch and f inch, variable according to its depth ; so we 
round the face of the bottom board by that amounl, and the 
sketch (Fig. 386) shows how it is best made. 
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First there is a stout frame of, say, 3-iiich stuflF, mortised 
and tenoned, or else jointed with half lap joints. It must be 
both wide and long enough to leave a margin of sand beyond 
the sides and ends of the gutter, and to take in the moulding- 
box lugs besides, for the reception of whose pins holes aro 
bored with a centre-bit. Blocks of stout wood are screwed on 
the cross ribs of the frame (Fig. 386, h, h) at intervals of 
10 inches or 1 foot — of exactly the same shape as the inner 
cross section of the gutter. These being parallel and fastened 
on a curved surface, will partake of the gutter curve. At 
this stage the pattern is made, the thin strips which form its 
sides and bottom being glued edge to edge and bradded 
while in place — flanges (Fig. .'^S?) or sockets and spigots being 
added at discretion. Thou, for tho convenience of the moulder, 

W 

Fig. 888. 

we screw the chamfered blocks at each end of the board, a, a, 
to form his joint. All is ready now ; the pattern being laid 
upon the board, and the bottom box dropped over, the sand 
is rammed around, and forms the reverse of the outside of the 

f utter, with its terminal chamfered joints, and its longitu- 
inal curved hide ones also. The box with the gutter in situ 
is then lifted and turned over, the top part put on and rammed 
up. The box parts are afterwards separated and the pattern 
drawn. Thus both rapidity and accuracy are secured, which 
irould have been impossible of attainment with an imsup- 
ported wood pattern. 

The section in Fi^s. 386, 387 is plain. Common sections 
are also shown in the group of Figa. 388. Patterns like 
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these are almost of neoessity made of metal, unless but a few 
castings are required* The thickness is only from A iuch to 
i inch, and though the patterns can be built in wood upon the 
bottom board they are easily rammed out of truth in the 
spaces between the distance blocks h h in. Fig. 886, while 
patterns at metal — properly of brass — ^will not yield imder 
the rammer. The moulds for such patterns can be strickled 
up, or they are cast from rough wooden ones, double shrink- 
age being allowed in each case. The yarious strips of which 
a wooden pattern is built are glued and bradded along the 




Fig. 889. 



Curved sections are formed by steaming them and 
bending. 

In plate niouldiDg a still further economy is obtained, since 
the founder has not even to turn his mould over. The boxes 
are not, in fact, brought together until the mould is finished ; 
neither are the runners cut by hand, since they foim part of 
the pattern on the plates. Plate moulding is a system of a 
very elastic character. Some plates will have flat faces, others 
will have those of irregular outline, corresponding with the 
varied classes of joints required for different kinds of patterns 
and castings. Others will receive patterns on one face only, 
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corresponding with that class of woik that only requires a 
plain top ; but many more will carry pattern parts on opposite 
faces; the patterns being either in halves or divided in un- 
equal proportions. And instead of putting these portions on 
opposite sides of one plate they may be and are often put oii 
one side only of two plates. 

The methods of odd-side moulding will help us to understand 
the mounting of patterns on plates with uneven joints, and 
odd side also is often a preliminary stage in the making of 
such plates, an explanation of which will be given later, p. 330. 
The work of odd-side moulding is a half-way device to 
plate moulding. In this system patterns are selected of sizes 




Fiff.380. 

suitable for filling a box, and embedded in an odd-side, see 
Fig. 389, which shows the odd-side with the patterns in place, 
and the runners also. This corresponds with that form of 
joint board which is recessed to receive numerous small patterns. 
In the odd-side either hard-rammed sand, or a plaster mould, 
or a mixture of sand with other ingredients forms the matrix 
in which the patterns are embedded, taking the place of the 
recessed joint board The odd- side also corresponds exactly 
with the dummy mould in which a pattern or patterns are 
bedded to form the first ramming face in moulding by 
turning over. The odd-side never forms a portion of the 
actual mould, but it serves to ram the first part of each 
mould — the bottom part — upon ; and upon this last the top 
part is afterwards rammed. The odd-side is not thrown 

Y 
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away until badly dam- 
aged by long service, but 
it saves the making of 
a first or false mould 
for all the moulds, — 
sometimes hundreds, — 
that are commenced on 
it. 

When two odd-sides 
are used, there is a 
further economy, since 
two men can be work- 
ing on the same mould, 
one ramming tops, the 
other bottoms, and the 
mould parts are not ^^ 

rammed together, or 

brought together at all until finished. The numerous 
analogies therefore between these methods, and plate- and 
machme-moulding are obvious. 

The simplest plated mounting is that of patterns of wood 
on plates of wood, or in some cases metal patterns are 
mounted on wood. This is exactly like the fitting often 
done on bottom or joint boards with a view either (1) to retain 
a flimsy pattern in shape ; or (2) to form an artificial joint, 
with or without runners, and so save the time of making these 

at each time of mould- 
ing. A pattern may 
then be contained 
wholly upon one side of 
one plate, or halves of a 
pattern may be carried 
on opposite sides of one 
plate, Fig. 390, or halves 
may be put on one side 
of two aeparate plates. 
Figs. 391, 392 illus- 
trate the latter arrange- 
ment — wooden plates 
with common lift valves, 
clack-box covers, and 
hand- wheels upon them. 
Fig. 391 is the pl«te 
which forms the 








Fig. a89. 
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bottom of the mould, and upon it the deeper portions of 
the patterns are fastened if oomparativelj shallow, dowelled 
if deep, and the runners to each radiate from the central 
feeder or gate. The strips screwed at the corners of the 
plate are there for the purpose of dippine the moulding box 
without allowing any dop movement sideways. The next 
plate, Fig. 392, has uj^n it Uie top portions of the patterns, 
oorresDondinff in Dosition with those upon the lower plate, a 
central stud-hole being bored to receive the runner pin, shown 
in plan. It also has dips for tke maintenance of the box in 
pontion. The two corresponding halves of a well-fitting 
moulding box are nunmed, one on one plate, the other on 




Fig. 888. 

its f dlow. Seine then put together by their nins, they form 
the complete mould ready for the pouring of the metaL 

Patterns are often placed wholly on one side of a plate of 
wood. Thus Fig. 393 illustrates four roll patterns of metal 
put on a wooden plate, the latter fitting the box also by 
means of comer pieces, a method which is capable of wide 
application. In the case of the smaller sizes, a dozen, or 
three or four dozen patterns may sometimes be put on a 
single plate. All these variations and devices exist in metal 
patterns on metal plates, as well as in those of wood. 

Then, further, the joint faces of tiie boards, instead of being 
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in one leyel plane, often have to be of irregular contour to 
suit patterns which have irregular joint lines, present either 
in the pattern itself, or in the mould only, or in both. 
Patterns of this kind are sometimes made in wood and 
mounted on thick plates of wood which are cut out to form 
the irregularly shaped joints, this being a device the reverse 
of that shown in Figs. 386, 387, p. 318, where the joint 

faces a, a, are put on, and stand 
up from the board In many 
cases the two occur in combina- 
tion, recessed portions and por- 
tions in relief. 

Fig. 394 shows how a com- 
mon brass pattern is sometimes 
mounted solidly with its board, 
all alike being in wood. If a 
pattern is fitted thus to a plate 
the surface of which is of irre- 
gular contour to form the sand 
joints of the same form, it is 
not usually a case for woodwork ; 
though fitted thus to a limited 
extent — the patterns and plates 
forming integral parts of each 
other. It is not a very strong 
affair, but if well made will last 
a good many mouldings. The 
pattern is glued and screwed to 
the plate, and the latter is cut 
out with the necessary recesses 
on one side, and raised blocks 
are fastened on the other side 
to correspond, or are cut in one 
with the pattern. If the depth 
of recessing is not great the 
plate is not weakened much, but 
if the wood is cut right through 
as in Fig. 394, and as must 
often be the case, we get short 
and weak grain. In such cases a metal plate and 
pattern are preferable. But it is not necessary to make a 
complete pattern of exactly the same shape from which 
to mould the metal one. The pattern or patterns are 
necessary, but the plated work can be prepared with 
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less expense by the method to be described on a subsequent 
page. 

Fig. 395 nhows how a cap pattern of metal is mounted on a 
board with irregular joint faces. Figs. 396 and 397 illustrate 
the top and bottom parts of the moulds of brasses, thrown 
open m the joint faces with the patterns still in place, as 
though both in top and bottom. Tne sloping joints may be 
formed either by a recess cut in the board, as in Fig. 395, or 
the patterns are laid on curved blocks the ends of which form 
the joints. A difference between these examples is that Fig. 
394 is a true plate, moulds of which are taken from opposite 
sides, while Fig. 395 is 
a bottom board, on 
which one - half the 
mould only is rammed 
and then turned over 
to have the top part 
rammed on it. But if 
two plates are made, 
the faces being like the 
moulding faces in Figs. 
396, 397, we should 
have two moulding 
plates, on each of which 
one - half the mould 
would be rammed. Or 
if a single plate were 
made, the opposite faces 
of which were like 
Figs. 396, 397, includ- 
ing the pattern outlines, we should have the single plate 
of patterns similar to Fig. 394. 

With regard to plating patterns it is obvious that the 
insertion of a plate oetween two portions of a pattern makes 
no more difference to the thickness of the casting than as 
though a plate were not used. Thus, in Fig. 398, the joint 
faces of the moulding box come against the faces, a, ^, of the 
plate, and when the box parts come together, the joint faces, 
a, b, of the half patterns will be in contact as though the 
pattern had been moiUded by turning over. 

It id also evi.lent from Fig. 398 that though the pattern 
])arts are shown as being attached to each side of a plate, 
they might just as readily be cast in one with it. The 
first metnod is generally to be preferred when the joint 
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faces are plain, the second when they are of irregolar 
contour. 

The range of dimensions within which it is permissible to 
put patterns on plates of wood or of metal is of tctj 
wide limits. The tendency now is to increase the dimensions 
of work put on machines, in which direction the Fridmore 
machines have gone farthest. But as regards the areas of 
patterns that can be plated to be moulded apart from 
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Fig. 896. 

machines, these have, within the writer's own experience, 
exceeded anything attempted on a machine. It has been 
found economical to plate columns from 12 feet to 14 feet in 
length, and the plates for water-tank bottoms up to 10 feet 
or 12 feet across, besides a good deal of work nearly 
approaching this in size. And apart from actual plating, 
meaning by that the fastening of patterns to their plates, 
there is practically no limit to the dimensions of bottom 
boards which are either kept stored for general service, or 
made specially for certain jobs often repeated. 
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The work of plating pat terns in wood is done by the pattern 
maker. That of plating in metal is also properly his work, 
because he knows best how to arrange the exact amount and 
place of taper in patterns and prints, and where and how to 
fit loose pieces when necessary, and to adapt core boxes to 
jHints. Jf tlio work is done by machinists or fitters, any men 
>i«)uld not be taken haphazard from the shop and sent to do 
this, but men ppecially trained in the intricacies of pattern 
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Fig. 307. 

making and moulding should be retained for the purpose. 
The following are concise instructions for the mounting of 
patterns on plates for use with hand moulding, and for 
putting on machines : — 

Since the thickness of a plate obviously has no effect on 
the pattern ormoidd, because the ramming takes place on its 
faces, the results would be the same whether its thickness were 
} inch or 2 inches. Consideratious of strength and rigidity, 
therefore, to resist ramming without spring, govern the thick- 
ness. Generally plates of metal range from about f inch to 
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J inch tluck. The y are made of cast iron or steel plate. The 
thinner plates are frequently made of sheet iron or steel, 
which, if levelled carefully, avoids the necessity for planing 
the faces, which is done when cast-iron plates are used, as is 
more commouly the practice. Cast iron is more rigid, and it 
is easier to cast lugs on that than to cut them in sheet metal. 
In any case the plates must be true on both sides to provide 
level joint faces for the sand. 

To mount patterns of wood on one side of one wooden plate 
is quite simple. The pattern is arranged suitably in relation 
to the moulding box, allowing proper width for sand, and is 
there screwed in place. To mount halves of patterns on 
opposite sides of one plate much more 
care is necessary, because a very slight 
degree of inaccuracy in setting the 
lialves will result in overlapping joints 
in the mould and casting. Centre lines 
can be drawn on the board, and 
centre lines on the pattern parts, and 
good results obtained by this method. 
But the most certain method is to fit 
the pattern parts together first, apart 
from the plate, using do wells long 
enough to go through tlie thickness 
of the plate and into the hole half 
of the pattern. Then if holes are 
drilled in the board to correspond 
with these dowells, the two halves are 
bound to be in alignment on the 
opposite faces. If dowells, for any 
reason, are not adaptable to the work, the two portions of 
the pattern are fastened together with screws while away 
from the joint board. Then they can be separated and 
fastened together through the joint board by the same screws 
or by longer ones entering the same holes. 

Metfld patterns are mounted on metal plates by methods 
which resemble in the main those adopted in plating wooden 
patterns. But, in consequence of the greater importance of 
the metal pattern work, special care has to be observed and 
some differences made. 

First, metal patterns must be tooled or filed all over with 
the utmost accuracy, especially when many thousands have to 
be moulded from them. Parts tliat can be turned, milled or 
])laned should be so treated, and filing reserved only for those 
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portions which by reason of their irregular shape do not admit 
of machining. When a pattern goes wholly in the bottom box 
there is no trouble with jointing, but when in top and bottom, 
the pattern parts have to be put together before any tooling is 
done upon them. It is not usual to fit them with long dowells, 
mentioned previously as suitable for wooden patterns. The 
best methods are those illustrated in Figs. 399, 400. In one, 
Fig. 399, stove screws iinite both halves of the pattern, and 
these passing afterwards through holes drilled in the plate, 
retain the pattern parts in exacily the same relations. In the 
other, Fig. 400, plain holes are drilled right through the 
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Fig. 899. 

pattern parts, and these serve to unite the pattern to the plate 
by means of rivets, the heads of which are filed off flush 
afterwards. 

In numerous cases patterns are of such a shape that thoueh 
portions come on opposite sides of a plate, they need not be 
separately prepared and fastened on. A hole through the plate, 
Figs. 401, 402, receives the pattern through it, and one portion 
appears on the bottom and one on the top face. Of course in 
such cases allowance must be made in the length of the 
pattern, or its print, as the case may be, for the plate thickness, 
the pattern or its print being lengthened by just that amount. 

When pattern parts are placed on opposite sides of two 
separate boards, or iron plates, as is often done to economise 
time by employing two men — one ramming the top. 
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the other the bottom boxes — ^this work requires even more care 
to avoid overlapping joints. Then centre lines squared care- 
fully over from one plate to the other can be used to locate the 
pattern parts. Or the two plates can be fitted together. In 
this case the patterns will have been fitted with long dowells 
or screws, or with holes drilled through for long pins, and 
then these will be fastened on opposite sides of the plates 
while the latter are fastened together temporarily. Or tho 
pattern parts can be lightly soldered with soft solder in their 
positions, by centre lines, and a mould and casting made, and 

then if necessary the 
positions of the plates 
can be readjusted and 
finallyfixed with screws. 
When patterns are 
cast with their plates, 
which is most advan- 
tageous when the joint 
faces of the plates are 
irregidar, the follow- 
ing are the methods 
adopted : — 

A mould is made by 
any of the usual me- 
thods, just as though 
castings have to be 
poured therefrom. 
Thus, a bottom box may 
be rammed on an odd- 
sido, tlio pattoriiB ])ut back into the bottom part, and 
the top rammed. Or a mould may be made by turning 
over, rather more time and care being spent on the 
joints than as though for an ordinary casting, because the 
joints will be permanent in the metal plate for hundreds or 
tliousands of mouldings. In the case of a plain plate the 
pattern or patterns can be rammed up on a bottom board. In 
each case we now have top and bottom moulds prepared ready 
for the plate — say for four dished hand wheels, the section of 
one of which, cast with the plate, is seen in Fig. 403. A pattern 
frame is prepared, Fig. 404, a, of a suitable outline for the par- 
ticular boxes, or the machine employed, and of a thickness 
proportionate to the area of the work, and this is laid round 
the mould on the face of the bottom box. This may be a 
standard pattern of metal or one of wood. Outside this frame 
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is another, b, of the same thickness, and of such a size that it 
will leave sufficient sand space o for ramming round the edges 
of A, so containiDg and enclosing the mould for a. When a is 
withdrawn and the patterns lifted, the mould is seen to contain 
provision for casting the plate with pattern parts on top and 
bottouL Banners 
will be out to be 
cast on the plate. 
During the pour- 
ing the frame b 
remains in place, 
keening, with the 
sand 0, the top 
and bottom boxes separated by that thickness. Instead of 
using the frame b separate strips of iron of the proper thick- 
nees can be laid round on the edges. 
It is dear that in the preparation of plates of this kind much 
care must be exeroisedby the moulder 
M ... ^ 1* dean metal patterns and plates 

m }}}M)h}}m \\ v ^i^Mnmr K are to be obtained. If these, when 

I M turned out, are lumpy and imperfect, 

I I I a good deal of labour will have to 
^^-ip be spent in trimming them up with 

Ui file and ohiseL This is why the 

Fig. 408. separate plate and pattern parts are 

better when plain iomts are required. 
The plates can be planed, ground, or milled, and the patterns 
maduned and filed much better separately than when they 
are cast in one piece. Besides the disadvantages of casting 
patterns with their plates by reason of the greater difficulty 

of deaning up the pat- 

terns, anoUier point is 
that no subsequent 
alterations can be made, 
or the plate used for 
any other patterns. But 
casting on is often the 
onlv praotioable method, 
and these cases therefore stand by themselves. 

The lugs of plates are fitted to the pins of moulding boxes 
or to suit the clamps or pins of moulding machines, details 
which are settled to suit drcumstances. When fitted to 
boxes, a good plan is to make one of the round pins only to 
fit dosely in a round hole, and make the other hole a dot 
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hole as in Fig. 404 and Fig. 410, p. 337, in which the pins will 
fit sideways only, being free to ad j ust themselves in the other 
direction. This is just as secure as making all the holes 
round, and is much easier to fit. Such pins may be cast 
with Uieir box lugs. The slot holes on the otlier sides are 
hand holes for lifting by. 

The cutting of runners in ordinary moulds has to be 
repeated as often as the mould is made. When several 
patterns are embedded in one box, a runner has to be cut Ly 
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Fig 401. 

hand to each pattern. Often, too, a spray of runners must be 
cut to a single pattern. By a system of plate moulding the 
cutting of many thousands of runners a year is avoided. 

In work which involves irregular jointing of mould faces 
much time is saved by plating. A moulder cutting and sleeking 
faces of this character will often occupy ten or fifteen minutes 
therein. This time is saved if the faces are formed on a plate. 
Figs. 396, 397, pp. 326, 327, show these in combination, run- 
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ners. and irregular jointing being repeated for eight patterns 
of brasses. In moulding by common methods such half brasses 
are laid on the follow board on a little body of sand, which 
is sloped outwards and downwards to give a free delivery to 
the joint that follows the curve of the bore, and this has to 
be repeated for every mould, and the runners alpo have to be 
cut for each mould — time which is saved by plating. Moulds 
in which a square section merges into a circular one^ as in 
much valve work, require a sloping joint, which must either 
be made up on the follow board or by bedding in a false 
mould — all saved in plate m oulding. 

In the average class of brass work, cored castings are 
frequent, and several cores will often be inserted in a single 
casting, and cores fitted into other cores, buitable vent chan- 
nels being provided. When plated castings admit of the 
alternative of coring or of eelf-delivery, it is better to adopt the 
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Fig. 406. 

latter device. When holes have to be bored in rings, collars, 
shallow bushes, and the like, a little taper, sufficient in amount 
to ensure self delivery, is not detrimental, and such patterns 
are made like their castings. When holes must be perfectly 
parallel it is difficult to make them deliver, even though they 
are very shallow, and then a core is best. Thus, in Fig. 405, 
which represents three plated patterns, the shallow ring 
should not be cored, but the bush must be. The nut must 
also be cored, unless a rather large amount of taper is 
imparted. 

The stripping plate is a device used to permit of the with- 
drawal of deep patterns destitute of taper. It is cut in sheet 
metal, and makes a close fit outside the pattern. A familiar 
example is the plate that encircles the teeth of gear wheels 
moulded on machines, the same device being employed for 
most deep patterns where the putting of taper would be 
objectionable. 
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The labour inYolved in makiag stripping plates is some- 
times avoided by the employment of what are termed vibrator 
machines. That is, the patterns are vibrated at the time of 
withdrawal by shaking or rapping a frame by power— by com- 
pressed air, which imnarts a number of light shocks with 
great rapidity. But mis is not a device suitable for patterns 
of great deptn, for which the stripping plates are indispensable. 
The expense of fitting stripping pUtes to patterns is usually 
great, depending on the pattern outlines. Only outlines that 
are regular, as drdee, squares, etc., can be tooled cheaply, 
others have to be finished by hand labour. Stripping plates 
are useless unless they fit very closely round their patterns. 

The objection to stripping 
plates on the ground of their 
expense only carries weight 
when the machine is used 
for relatively small quanti- 
ties of work of a given kind. 
Where moderate numbers 
of small pieces are made, as 
in many shops of ratJier 
general character, then rap- 
ping the plates by hand is 
resorted to. 

Bailwav chairs are ex- 
amples of high-class metal 
patterns made without re- 
gard to expense, because 
hundreds of thousands of 
castings have to be moulded 
from them. They are moulded bv two sets of men, one 
ramming the bottom, one the top boxes. They are put on 
plates, and often made on the floor without the aid of a 
machine. No coring is done, because that would cost too 
much, but everytiung delivers itself. Loose pieces, Fig. 406, 
are therefore involved. The pattern-maker will understand 
why one loose piece sufBices on one side while two have to 
be fitted on the other. The overhang is so slight where the 
wood key fits that one loose piece, a, suffices, on the other 
the overhang is greater and one piece would be^ too thick 
to draw in, hence the jointing in two separate pieces, i, e. 
Note, too, the dovetail fitting of a, h, <?, which ensures the 
maintenance of flush edges without any care or observation 
on the part of the moulder. 




Fig. 406. 



Digitized by VjOOQIC 



PATTERNS FOB PUkTB HOULDIliO. 



886 




Fig. 407 is a chair of 
another pattern in which 
one of the horns is fitted to 
the foot with a tenon, with 
the idea of facilitating the 
withdrawal of the main body 
of the pattern. It possesses 
little or no advantage over 
the other method. 

Fig. 408 illustrates a de- 
vice of a different character. 
Here the removal of the 
loose pieces from the mould 
is faolitated by soldering 
strips of metal, A, A, to 
them. The strips pass 
through slot holes in the 
foot of the pattern. This helps the moulders' work. 
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loose piece, a, still has to be removed with the fingers, but it is 
on the horn where the space is widest, and the moulder can 
therefore get his fingers down more readily. The holes for 
the spikes deliver themselves. The section of the pattern 
also shows how the interior is lightened out to lessen the 
weight, the pattern being lifted by hand. 
Fig. 409 shows the type of box used for moulding chairs, 

in which sand and time are 
economized by tapering the 
sides. The plates which 
carry the patterns are set 
on the box parts by the 
tenons and guides with 
which the boxes fit to one 
another. 

Fig. 410 is a metal plate 
carrying ten nuts and their 
gates. The general forms 
and mountings of plates 
may be infeired from the 
foregoing. There yet re- 
mains the question of 
economy. 

With regard to the econo- 
mies of plate moulding, 
Pig 4og, which is a point th© pattern- 
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maker often has to decide, there is a wide actual difference, 
and also much difference in the opinions held with regard to 
certain classes of work. We may disregard the latter, and 
look at the question from a broad common- sense point of 
view. 

Primarily the proper case for plating patterns is when large 
numbers are in question. This is always the first consideration. 
When instead of two or three moulds having to be taken from 
one pattern, scores, hundreds, or thousands are wanted, there 
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Fig. 409. 

is di prima-facie case for plate moulding, to be done either with 
or without the aid of a machine. But though patterns of large 
dimensions may be plated with economy, they cannot usuafly 
be moulded on machines, because these of large size are ex- 
ceptional. Then again the simplicity or otherwise of the 
work has a determining influence. Moulds that involve a 
deal of coring up would not show such economies as those of 
a plainer character, because the work of coring cannot be done 
by machine, but must be effected by hand alone. Plain 
patterns, that is those which are not complicated by loose 
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pieces, drawbacks, and numerous cores, are the heat 
Shallow patterns that deliver easily are also very suitable for 
plating ; deep patterns present difficulties which can bo got 
over by the device of a stripping plate — a rather expensive 
device, but which, nevertheless, enables deep patterns to be 
withdrawn without any appreciable amount of rapping, and 
without fracture of the sand. The greatest economies of plate 
moulding ooour, when many patterns are put on one plate, 
when the runners are included thereon, and when the joint 
faces are not plain. 
Many patterns are included on one plate in the smaller 
castings made in iron and in brass. 
These are usually arranged also 
to occupy the least room possible, 
hence the reason of the diagonal 
positions often given to the pat- 
terns, and of the insertion of 
small patterns in open spaces left 
between larger ones. In a well 
laid out plate not a bit of space is 
wasted or occupied by useless 
sand if a pattern can be put there. 
This is illustrated in the odd- side 
Fig. 389, p. 320, and in Figs. 391, 
392, p. 322, Fig. 393, p. 323, Figs. 
396. 397, pp. 326, 327. The ram- 
ming up of such a plate occupies 
very little longer than the ram- 
ming of a single pattern or of tn'o 
or three patterns. If we include 
the work connected with making 
the runners in an ordinary mould 
it occupies less time, so that the 
output is multiplied often dozens of times when many small 
patterns are plated. Against this the cost of the plate and 
of the moulding machine, when sudi is used, has to be 
discounted. But these, though expensive, are mere trifles 
by comparison with the economies obtained in shops where 
the system of plate moulding is in constant operation. 

The advantages also of plating over the various joint boards 
are great. One of the very common devices in the brass 
foundry is the recessed turn-over board. Many small patterns 
are made without joints, in brassfinisher's work — as cocks, 
valves, plugs, and so forth. The mould, however, has to be 
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jointed, though the patterns are not, and, since they are made 
in quantity, Siey are rammed up on a turn-over board which 
is recessed out to receive a number of such patterns at once. 
The patterns fit loosely into their recesses, and their centre 
joint lines correspond with the face of the board. The ramming 
up process is by turning over. Fig. 411 shows such a boarc^ 
having some patterns, a, by c, d, e, /, y, A, in sttUy and some 
spaces, « and j, from which the patterns have been removed. 
A section through another board of this, type is shown in 
Fig. 412. Patterns of the same size and class can be 
similarly arranged, but it is often more economical to have 
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different patterns on a board and stop off those which are not 
required. No alteration can be made in such a board. The 
labour of recessing it out is considerable, and would go some 
way towards making a metal plate and patterns. But in using 
plates, whether of wood or metal, the patterns in each case 
may be put permanently on their boards or plates, or they 
can be attached temporarily and removed therefrom after 
service to make room for other patterns of dimensions suitable 
for those boards, and so sever^ patterns may be thus inter- 
changeable on one board or pair of boards. Not so the 
recessed boards. 

Moulding machines are either operated by power or by 
hand. They are also fixed or portable. For the generality 
of work, certainly for all deep work, some special cases 
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excepted, the hand ramming machines are the most satis- 
factory. 

When ramming patterns on a machine in which the sand is 
consolidated by pressure from a head pulled against the 
pattern by a lever, the following devices are adopted : —The 
sand is shovelled in to an inch or more in depth above the 
back edge of the box and confined at the sides by a temporary 
frame. A pressing board that just fits easily with tho frame 
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and its flask is laid upon it, and this is pulled against the 
board, consolidatine: the sand down to the level of the flask. 
Considerable force has to be exercised in large moulds, there- 
fore the levers are of ereat length, or, as in the Tabor and 
some other machines, the force of compressed air or of steam 
is used. When a mould varies greatly in depth, the pressing 
board or plate is sometimes hollowed out to follow roughly 
the contour of the pattern, without which precaution the sand 
would be rammed harder over the shallow than the deeper 
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ureas. In s(»nio cases provision is made by means of narrow 
strips for consolidating the sand next the edges of the iiasks 
to afford support to that within^ and to cause it to ding better 
to the sides. 

There is undoubted advantage in making use of power 
ramming in some classes of work ; for others it would not be 
suitable, or it could only be rendered suitable by employing 
some provisions too elaborate to be worth while adoptmg. 

In some cases there would be an advantage in having 
portable machines, in others none. These are excellently 
adapted for handling the lighter classes of work and are 
therefore growing in favour. Being mounted on wheels 
they are moved on, leaving the finished moulds on the floor in 
the rear. 

In some cases a single class of machine can best be installed 
throughout, but in others it will be advisable to have different 
types, as better adapted for the different kinds of work done. 
In all such questions it is well to take the advice of experts. 
Points which should have consideration in the selection of a 
moulding machine are to see that sand does not come into 
contact with working surfaces, as shafts, journals, bearings, 
or slides. It is well when such parts are above the sand 
instead of below. The position of the levers is a point of 
some importance. It is better that a lever should be in the 
horizontal position when the mould is being pressed, because 
in that position the operator is able to exert more pressure 
with less exertion than when it is in a vertical, or nearly 
vertical, position. 

There are a few shops which deal with so varied and 
general a class of jobbing work that it would be injudicious 
to recommend the installation of moulding machines at all. 
But there are not many foundries, perhaps, in which some 
work cannot be put on a machine, and the number of the 
outside country jobbing firms is bound to diminish in time as 
manufacture of specialities increases. 
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THE STORAGE OF PATTERNS. 

Stori^ In Seta.— Or by daases of Work.— ShclTing.— Re^istration.- 
Qiecking Patterns. 

Standard patterns are rather expensive articles, and since 
they are worth making well, proper care should be taken of 
them. Many matters conduce to their due preservation. The 
chief one of course is the manner in whicn they have been 
made, and the quality of the timber used in their construction, 
— matters which need not be dwelt upon here. We assume 
that care is taken in regard to these, and that the problem is 
how to preserve such patterns for as great a length of time as 
possible in useful service. 

They must be stored in a properly ventilated building. If 
they are just underneath hot tiles in the summer, the timber 
will warp and shrink badly. If kept under open sheds out of 
doors, they will suffer from snow and rain. 

To counteract the effects of frequent swabbing in the 
foundry, the patterns must be treated with occasional applica- 
tions of varnish, repeated as often as portions of their surfaces 
become roughened up. Damriged parts should not be allowed 
to go very badly, but ought to be renewed, and also any 
incipient cracks, or loosening of joints, must receive attention. 
In the preservation of patterns, as in other things, prevention 
is better than cure, and a stitch in time saves nine. 

Proper storage of patterns involves something more than 
bundlmg them indiscriminately into a building. There are 
two systems of storage, two ways of arranging them in the 
stores. In one, all patterns belonging to one job are grouped 
together ; in the other, the heavier, and the lighter patterns 
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are kept in separate places, or patterns of a class are stored 
with other patterns of that class. There are advantages and 
drawbacks to each system, but the three main controlling 
factors are the bulk of the patterns, the material of which they 
are made, and the character of the work done, whether 
standard, or miscellaneous and jobbing. 

With regard to the dimensions of patterns, there are few 
stores so happily situated as to have the patterns contained 
wholly on a ground floor, but most consist of two or more 
stories, on the upper floors of which it is impossible to get 
heavy patterns. Hence the general arrangement is to put 
bull^ and heavy patterns on ground floors, and those of 
medium and small dimensions on the upper ones. There is 
not much disadvantage in this if a proper, register is kept of 
the location of patterns. 

With reference to the storage of patterns in sets venut 
storiug them according to their class, both systems are usually 
adopted in shops — the first for absolutely standard work, the 
second for that of a miscellaneous character. There are great 
advantages in storing patterns for standard work separately 
from class work. Thus, if there is a set of patterns for an 
engine, or a set of pumps, or a crane, it facilitates the carrying 
through of work if these are kept apart from everythiDg else, 
the heavy beds perhaps alone excepted. First, the patterns 
can at any time be taken from the stores en masse, and sent 
directly into the foundry, without the trouble of having to 
look them up in separate locations. Another advantage is 
that as such patterns are not altered to be used for miscel- 
laneous orders, they need not be checked over carefully by 
the drawings before being sent into the foundry, as must be 
done when they are so used. 

On the other hand, to store patterns by their classes has 
much to recommend it in shops that deal mostly with general 
and jobbing work. It seems right and natural to put all 
wheds and pinions together in one location, all engine 
cylinders in another, valves in another, glands in another, 
and so on. By this method the making of new patterns is 
often avoided, because something can be found in the stores 
that can be used with or without alteration. But this is done 
at a corresponding inconvenience, for it means that when sets 
of work have to be made up from the miscellaneous collections 
scattered about the stores, some considerable time is occupied 
in hunting up the separate parts, and then every pattern has 
to be checked carefully by the drawings as a safeguard, 
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because the chances are that several of the patterns have 
been altered for other jobs. Nothing can be taken on trust 
in such a system, except at the risk of making serious 
blunders. From this point of view it is more economical to 
retain standard patterns for standard use only, to be kept 
with their work, and never altered for any other job, and 
never used for any other, 
except they are used abso- 
lutdy unaltered. Alteration 
when made is often f orgotten, 
and when the patterns are 
wanted again they are assumed 
to be correct, and so blunders 
are made. 

For metal patterns it is 
usual to provide a separate 
stores on the ground floor, 
and plated patterns, for plate 
and machine moulding, are 
also usually kept separate 
from all others ; but in the 
case of standard work, these 
also may be kept with their 
sets. The choice of these 
varioiis methods must, how- 
ever, be largely governed by the frequency of orders. When 
a set of work is wanted but seldom, it is hardly worth while 
keeping it absolutely distinct from everything dse, and then 
the arrangement according to classes is preferable. But when 
the sets are often wanted, the separate system is the most 

economicaL Between these 
extremes the judgment of 
the foreman must decide 
what is best to be done. 
In arranging patterns in 
stores different methods are 
adopted. The following 
are the best for an average 
range of work : — Eemembering that one great point in planning 
a stores is to have everything visible and get-at-able. Shelyefl 
and racks must not be too deep, and avenues must be provided 
sufficiently wide to carry patterns along. ^ , ^ _ . ^ 

On the ground floor wooden posts are fixed at intervals to 
form supports for rails or iron bars, against which heavy 
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patterns will be stood edgewise. This is better than piling 
patterns vertically, which involves lifting off the top ones to get 
at the lower ones. 

Pipe and column patterns may be laid horizontally on iron 
bars (Fig. 413) that pass through the posts. Alternatively 
they may be stood on end at a slight angle, or perpendicularly 
if a hook is provided at the top to keep them from falling 
down. 

Many patterns, as trolley wheels, wheel centres, pulleys, 

may, when ground floor 
area is limited, be hung with 
tar twine from rods (Fig. 
414) driven into the joists 
beneath the floors. On the 
upper floor or floors shelving 
is best built in the manner 
shown in Figs. 4 1 5 or 4 1 6, and 
sets of patterns are parted 
off on these with movable 
strips. The larger patterns 
go on the floor and smaller 
ones on the shelves. It is 
best to put, as far as pos- 
sible, only those on the 
upper shelves that are seldom 
wanted, keeping those in 
frequent use on the lower 
ones, where they are readily 
seen. Very small patterns are 
kept together best in shallow 
wooden boxes, of which large 
numbers may be utilised, 
xn classifying gear wheels, patterns should be kept dis- 
tinct from toothed blocks and core boxes for machine service. 
The pinion patterns again must be separated from wheels. 
These are each grouped according to pitch on the shelves, 
beginning at the finest, and arranged progressively to the 
coarsest. In machine wheels it is better not to separate 
pinions and wheels, but to arrange by pitches simply. Both 
in patterns and blocks, classes of wheels must have distinct 
locations, spurs, bevels, worms, worm wheels being kept 
separate. Any wheel patterns that are not standard, but 
which have been made to match existing wheels, and 
bastard bevels, shoidd be kept away from the standard 




Fig. 415. 
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work, and their particulars clearly stamped on patterns and 
blocks. 

Unless order is observed in the storage of patterns they 
become unmanageable in time, and some cannot be foimd 
when wanted. The difficulty increases in proportion to the 
alterations made. Hence the value of a register sheet like 
that shown below : — 



Pattern 
No. 



Name 



t Draw- 
liii; No. 



10464 Bedplate 
( 

10465 Standard 



6402 
640.3 



Iron 



Oun- 
Metal 



Weight 



Tons. Cwta. Qis. Lba. 
2 3 18 

18 



Remarks 



5 Core 

Boxes 
I Ck)re 
Box 



Shelf 



26 
25 



A ** pattern nimiber" isstampedupon every pattern, every loose 
piece, and every core box belonging to that pattern, so that 
the parts are readily assembled when they are returned from 
the K)undry. The name of the pattern is entered in the register 
book, but is not usually stamped on the pattern itself. The 
** drawing number" indicates the particidar drawing from 
which the pattern has been constructed. **Iron*' and 
*' gun-metal " indicate the metal in which the pattern is cast, 
and under one or the other the number of castings o£F per set 
is marked. If other alloys are used, as steel, phosphor 
bronze, etc., these are written under one of these columns. 
Under ** Weight," the 
weight of each casting 
is entered. Under "Re- 
marks," any information 
of value is inserted, as 
number of core boxes, 
notes about alterations, 
&c. The entry under 
* * Shelf " indicates the 
location of the pattern in 
the stores. The pattern 
register should be abook 
of 1,000 pages, and as 
the volumes becomefilled 
they are kept for refer- 
ence. 

When patterns come 
from the foundry their 




Fig. 416 
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various parts and core boxes should be assembled by the man 
in charge of the stores, and any necessity for repairs or 
replacements be notified to the foreman. When possible the 
patterns should be put together complete and ready for 
aervioe before being stored. 
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Table of Diametebs, Oiboumfebbnobs, ahd Abbas o> 

ClBOLES. 



Dia- 


Circum- 


Area. 


Dia- 


Gircmn- 




meter. 


ference. 


meter. 


ference. 


Area. 


i 


•8927 


-01227 


Si 


10-210 


8-2957 


i 


•7854 


•04909 


3* 


10-602 


8-9462 


i 


M781 


•1104 


3* 


10-995 


9-6211 


i 


1^5708 


•1963 


3| 


11-388 


10-320 


1 


r9635 


•8068 


Si 


11-781 


11-044 


} 


2^3562 


•4417 


3* 


12-173 


11-793 


i 


2-7489 


•6013 


4 


12-566 


12-566 


1 


3-1416 


•7854 


4* 


12*959 


13-364 


H 


3^6343 


•9940 


4i 


13-351 


14186 


li 


3-9270 


1-2271 


4| 


13-744 


15-033 


If 


4-3197 


1-4848 


4* 


14-137 


15-904 


li 


4-7124 


1-7671 


4* 


14-529 


16-800 


1| 


5-1051 


2-0739 


4* 


14-922 


17-720 


H 


5-4978 


2-4052 


4* 


15-315 


18-665 


If 


5-8905 


2-7611 


5 


15-708 


19-635 


2 


6-2832 


3-1416 


5J 


16-100 


20-629 


2i 


6-6759 


3-5465 


H 


16-493 


21-647 


2i 


70686 


3-9760 


H 


16-886 


22-690 


2| 


7-4613 


4-4302 


H 


17-278 


23-758 


2* 


7-8540 


4-9087 


H 


17-671 


24-850 


2S 


8-24G7 


5-4119 


H 


18064 


25-967 


2J 


8-6394 


5-9395 


6* 


18-457 


27-108 


2i 


90321 


6-4918 


6 


18-849 


28-274 


3 


9-4248 


7-0686 


6i 


19-242 


29-464 


H 


9-8175 


7-6699 


6i 


19-635 


30^679 



Digitized by VjOOQIC 



348 



APFKNBTX. 



Dia- 


Circum- 




' Dia- 


Circum- 




meter. 


ference. 


Area. 


meter. 


ference. 


Area. 


6J 


20027 


31-919 


lU 


36128 


103-869 


6* 


20-420 


33183 


lift 


36-521 


106139 


6i 


20-813 


34-471 


Ui 


36-913 


108-434 


6J 


21-205 


35-784 


iij 


37-300 


110-753 


C} 


21-698 


87-122 


12 


37-699 


113097 


7 


21-991 


38-484 


m 


38-091 


115-466 


7* 


22-383 


39-871 


12i 


38-484 


117-859 


7i 


22-776 


41-282 


12f 


38-877 


120-276 


71 


23169 


42-718 


12* 


39-270 


122-718 


7* 


23-562 


44-178 


12ft 


39-662 


125-184 


71 


23-954 


45-663 


m 


40-055 


127-676 


7J 


24-347 


47-173 


m 


40-448 


130-192 


7* 


24-740 


48-707 


13 


40-840 


132-732 


8 


25- 132 


50-265 


13* 


41-233 


135-297 


8* 


25-515 


51-848 


13* 


41-626 


137-886 


8i 


25-918 


53-456 


I3t 


42018 


140-500 


81 


26-310 


55-088 


18* 


42-411 


143139 


8* 


26-703 


56-745 


I3ft 


42-804 


145-802 


8i 


27-096 


58-426 


13J 


43-197 


148-489 


H 


27-489 


60-132 


m 


43-589 


151-201 


81 


27-881 


61-862 


14 


43-982 


153-938 


9 


28-274 


63-617 


14* 


44375 


156-699 


9* 


28-667 


65-396 


H* 


44 767 


159-485 


n 


29-059 


67-200 


14f 


45160 


162-295 


91 


29-452 


69-029 


H* 


45-553 


165130 


9i 


29-845 


70-882 


14ft 


45-945 


167-989 


9ft 


30-237 


72-759 


14J 


46-338 


170-873 


9if 


30-630 


74-662 


14* 


46-731 


173-782 


H 


31023 


76-588 


16 


47-124 


176-715 


10 


31-416 


78-540 


15* 


47-516 


179-672 


lot 


31-808 


80-515 


15* 


47-909 


182-654 


lOi 


32-201 


82-516 


15| 


48-302 


185 661 


lOf 


32-594 


84-540 


15* 


48-694 


188 692 


m 


32-986 


86-590 


15ft 


49087 


191-748 


10ft 


33-379 


88-664 


15? 


49-480 


194-828 


lOf 


33-772 


90-762 


15* 


49-872 


197-933 


loj 


34164 


92-885 


16 


50-265 


201-062 


11 


34-557 


95-033 


16* 


50-658 


204-216 


Hi 


34-950 


97-205 


16* 


51051 


207-394 


u* 


35-343 


99-402 


161 


51-443 


210-697 


111 


35-735 


101-623 


16* 


51 836 


213-826 
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Dia- 


Circum- 


. 


meter. 


Gircnm* 




meter. 


ference. 


Area. 


ference. 


Area. 


164 


52-229 


217-077 


21* 


68-329 


371-543 


\6i 


52-621 


220-353 


21J 


68-722 


375-826 


16J 


53014 


223-654 


22 


69-115 


380-133 


17 


53-407 


226-980 


22i 


69507 


384-465 


17i 


53-799 


230-330 


22i 


69-900 


388-822 


17* 


54-192 


233-705 


22} 


70-293 


393-203 


17f 


54-585 


237-104 


22i 


70-686 


397-608 


17J 


54-978 


240-528 


22i 


71078 


402038 


nt 


55-370 


243-977 


22f 


71-471 


406-493 


17J 


55-763 


247-450 


22f 


71-864 


410-972 


17* 


56156 


250-947 


23 


72-256 


415-476 


18 


56-548 


254-469 


23^ 


72-649 


420-004 


18* 


56-941 


258-016 


23i 


73-042 


424-557 


18i 


57-334 


261-587 


23} 


73-434 


429135 


18f 


57-726 


265-182 


23} 


73-827 


433-731 


18J 


58-119 


208-803 


23} 


74-220 


438-363 


18J 


58-512 


272-447 


23J 


74-613 


443-014 


18f 


58-905 


276117 


23} 


75-005 


447-699 


18| 


59-297 


279-811 


24 


75-398 


452-390 


19 


59-690 


283-529 


24i 


76183 


461-864 


19i 


60083 


287-272 


24i 


76-969 


471-436 


19i 


60-475 


291-039 


24J 


77-754 


481-106 


19| 


60-868 


294-&dl 


25 


78-540 


490-875 


19* 


61-261 


298-648 


25i 


79-325 


500-741 


19f 


61-653 


302-489 


25* 


80-110 


510-706 


19J 


62-046 


306-355 


25f 


80-896 


520-769 


19} 


62-439 


310-245 


26 


81-681 


530-930 


20 


62-832 


314-160 


26i 


82-467 


541189 


20* 


63-221 


318099 


26i 


83-252 


551-547 


20} 


63-617 


322-063 


26} 


84037 


502-002 


20} 


64-010 


326051 


27 


84-823 


572-556 


20* 


64-402 


330-064 


m 


85-608 


583-208 


20* 


64-795 


334101 


27* 


86-394 


593-958 


20} 


65188 


338163 


27i 


87-179 


604-807 


20* 


65-580 


342-250 


28 


87-964 


615-753 


21 


65-973 


346-361 


28* 


88-750 


626-798 


21* 


66-366 


350-497 


28* 


89-535 


637-941 


21i 


66-759 


354-657 


28* 


90-321 


649-182 


2I| 


67-151 


358-841 


29 


91-106 


660-521 


21* 


67-544 


868-051 


29* 


91-891 


671-958 


21$ 


07-9,^7 


367-284 


20i 


92-077 


683-494 
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Dia- 


Ciroum. 




Dia- 


Oiroom- 


Area. 


meter. 


ferenoe. 


Atm. 


meter. 


ferem^. 


29f 


93-462 


695-128 


40 


125-664 


1256-64 


30 


94-248 


706-860 


40* 


126-449 


1272-39 


30i 


95033 


718-690 


40* 


127-234 


1288-25 


30^ 


95-818 


730-618 


40} 


128-020 


1304-20 


30J 


96-604 


742-644 


41 


128-805 


1320-25 


81 


97-389 


754-769 


41* 


129-591 


1836-40 


3U 


98175 


766-992 


41* 


130-376 


1852-65 


31i 


98-968 


779-813 


41} 


131-161 


136900 


81J 


99-745 


791-732 


42 


131-947 


1885-44 


32 


100-531 


804-249 


42* 


132-732 


1401-98 


d2i 


101-316 


816-865 


42* 


133-518 


1418-62 


32i 


102-102 


829-578 


42} 


184-303 


1435-36 


32i 


102-887 


842-890 


43 


135-088 


1452-20 


33 


103-672 


855-80 


43* 


135-874 


1469-13 


33i 


104-458 


868-30 


43* 


136-659 


1486-17 


33^ 


105-243 


881-41 


43} 


137-445 


1503-30 


33J 


106-0i9 


894-61 


44 


138-230 


1520-53 


34 


106-814 


907-92 


44* 


139-015 


1537-86 


34i 


107-599 


921-32 


44* 


139-801 


1555-28 


34* 


108-385 


934-82 


44} 


140-586 


1572-81 


34i 


109170 


948-41 


45 


141-872 


1590-43 


35 


109-956 


962-11 


45* 


142-157 


1608-15 


35* 


110-741 


975-90 


45* 


142-942 


1625-97 


35* 


111-526 


989-80 


45} 


143-728 


1643-89 


35J 


112-312 


1003-78 


46 


144-518 


1661-90 


36 


113097 


1017-87 


46* 


145-299 


168001 


36* 


113-883 


103206 


46* 


146-084 


1698-23 


36* 


114-668 


1046-35 


46} 


146-869 


1716-54 


36} 


115-453 


1060-73 


47 


147-655 


1734-94 


37 


116-239 


1075-21 


47* 


148-440 


1753-45 


37* 


117024 


1089-79 


47* 


149-226 


177205 


37* 


117-810 


1104-46 


47} 


150011 


1790-76 


37} 


118-595 


1119-24 


48 


150-796 


1809-56 


38 


119-380 


113411 


48* 


151-582 


1828-46 


38* 


120-166 


114908 


48* 


152-367 


1847-45 


38* 


120-951 


1164-15 


48} 153-153 


1866-55 


38} 


121-737 


1179-32 


49 


153-938 


1885-74 


39 


122-522 


1194-59 


49* 


154-723 


190503 


39* 


123-307 


1209-95 


49* 155-509 


1924-42 


39* 


124093 


1225-42 


49} 156-294 


1943-91 


39} 


124-878 


1240-98 


50 


157080 


1963-50 
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Dia. 


Oircum- 




, Dia- 


Circum- 




meter. 
50i 


ference. 


Area. 


meter. 

1 


ference. 


Area. 


157-865 


1983-18 


60* 


190-066 


2874-76 


50J 


158-650 


2002-96 


60J 


190-852 


2898-56 


50J 


159-486 


2022-84 


61 


191-637 


2922-47 


51 


160-221 


2042-82 


61* 


192-423 


2946-47 


5U 


161007 


2062-90 


61* 


193-208 


2970-57 


5U 


161-792 


2083-07 


61* 


193-993 


2994-77 


5li 


162-577 


2103-35 


62 


194-779 


3019-07 


52 


163-863 


2123-72 


62* 


195-564 


3043-47 


52i 


164148 


2144-19 


62* 


196-350 


3067-96 


52* 


164-934 


2164-75 


62} 


197-135 


3092-56 


52f 


165-719 


2185-42 


63 


197-920 


3117.25 


53 


166-504 


220618 


63* 


198-706 


314204 


53i 


167-290 


222705 


63* 


199-491 


3166-92 


53J 


168-075 


2248-01 


63* 


200-277 


3191-91 


53J 


168-861 


226906 


64 


201-062 


3216-99 


54 


169-646 


2290-22 


64* 


201-847 


324217 


54i 


170-431 


2311-48 


64* 


202-633 


3267-46 


54i 


171-217 


2332-83 


64* 


203-418 


3292-83 


54f 


172-002 


2354-28 


65 


204-204 


8318-31 


55 


172-788 


2375-83 


65* 


204-989 


3343-88 


55i 


178-578 


2397-48 


65* 


205-774 


3369-56 


55* 


174-358 


2419-22 


65| 


206-560 


3395-33 


55f 


175144 


244107 


66 


207-345 


3421-20 


56 


175-929 


2463-01 


66* 


208131 


844716 


56i 


176-715 


248505 


66* 


208-916 


3473-23 


56* 


177-500 


250719 


66| 


209-701 


3499-39 


56J 


178-285 


2529-42 


67 


210-487 


3525-66 


57 


179071 


2551-76 


67* 


211-272 


355201 


57* 


179-856 


2574-19 


67* 


212058 


3578-47 


57* 


180 642 


2596-72 


67* 


212-843 


8605-03 


57J 


181-427 


2619-35 


68 


213-628 


3631-68 


58 


182-212 


264208 


68* 


214-414 


3658-44 


58* 


182-998 


2664-91 


68* 


215199 


3685*29 


58* 


183-783 


2687-83 


68* 


215-985 


3712-24 


58f 


184-569 


2710-85 


69 


216-770 


3739-28 


59 


185*354 


2733-97 


69* 


217-555 


3766-43 


59i 


186-139 


275719 


69* 


218-341 


8793-67 


59* 


186-925 


2780-51 


69* 


219126 


3821-02 


59J 


187-710 


2803-92 


70 


219-912 


3848-46 


60 


188-496 


2827-44 


70* 


220-697 


3875-99 


COJ 


189-281 


2851-05 


70* 


221-482 


3903-63 
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Dia- 


Circum- 


meter. 


ference. 


70J 


222-268 


71 


223053 


71* 


223-839 


71i 


224-624 


71* 


225-409 


72 


226-195 


72i 


226-980 


m 


227-766 


72J 


228-551 


73 


229-336 


73i 


230-122 


73J 


230-907 


73| 


231-693 


74 


232-478 


74i 


233-263 


74* 


234-049 


74* 


234-834 


75 


235-620 


75i 


236-405 


75* 


237- 190 


75* 


237-976 


76 


238-761 


76i 


239-547 


76* 


240-332 


76J 


241-117 


77 


241-903 


77* 


242-688 


774 


243-474 


77* 


244-259 


78 


245-044 


78* 


245-830 


78* 


246-615 


78* 


247-401 


79 


248-186 


79* 


248-971 


79* 


249-757 


79* 


250-542 


80 


251-328 


80* 


252-113 


80* 


252-898 


80* 


253-683 



3931-36 
3959-20 
3987-13 
401516 
4043 28 
4071-51 
4099-83 
4128-25 
4156-77 
4185-39 
421411 
4242-92 
4271-83 
4300 85 
4329-95 
435916 
4388-47 
4417-87 
4447-37 
4476-97 
4506-67 
4536-47 
4566-36 
4596-36 
4626-44 
4656-63 
4686-92 
4717-30 
4747-79 
4778-37 
480905 
4839-83 
4870-70 
4901-68 
4932-75 
4963-92 
499519 
5026-56 
5058-00 
5089-58 
5121-22 



81 

81* 

81* 

81* 

82 

82* 

82* 

82* 

83 

83* 

83* 

83* 

84 

84* 

84* 

84* 

85 

85* 

85* 

85* 

86 

86* 

86* 

86* 

87 

87* 

87* 

87* 

88 

88* 

88* 

88* 

89 

89* 

89* 

89* 

90 

90* 

90* 

90* 

91 



Circum- 
icrence. 



254-469 
255-254 
256040 
256-825 
257-611 
258-396 
259- 1 82 
259-967 
260-752 
261-537 
262-323 
263-108 
263-894 
264-679 
265-465 
266-250 
267-036 
267-821 
268-606 
269-392 
270-177 
270-962 
271-748 
272-533 
273-319 
274-104 
274-890 
275-675 
276-460 
277-245 
278031 
278-816 
279-602 
280-387 
281173 
281-958 
282-744 
283-529 
284-314 
285-099 
285-885 



Area. 



5153-00 
5184-84 
5216-82 
5248-84 
5281-02 
5313-28 
5345 62 
5378-04 
5410-62 
5443-24 
5476-00 
5508-84 
5541-78 
5574-80 
5607-95 
564116 
5674-51 
5707-92 
5741-47 
5775-09 
5808-81 
5842-60 
5876-55 
5910-52 
5944-69 
5978-88 
6013-21 
6047-60 
6082-13 
6116-72 
6151-44 
6186-20 
6221-15 
6256-12 
6291-25 
6326-44 
6361-74 
639912 
6432-62 
6468-16 
6503-89 
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Dia- 


Circum- 




Dia- 


Cirrum- 




meter. 


ference. 


Area. 


meter. 


ferente. 


Area. 
6882-92 


9U 


286-670 


6539-68 


931 


294-524 


91i 


287-456 


6573-56 


94 


296-310 


6939-79 


91f 


288-242 


6611-52 


94i 


296095 


6976-72 


92 


289027 


6647-62 


94i 


296-881 


701.3-81 


92i 


289-812 


6683-80 


94J 


297-666 


7050-92 


92i 


290-598 


672007 


95 


298-452 


7088-23 


98i 


291-383 


6756-40 


95i 


299-237 


7125-56 


93 


292-168 


6792-92 


95i 


800-022 


7163-04 


93J 


292 953 


6829-48 


1 95J 


300-807 


72( 0-56 


93i 


293-789 


6866-16 


96 


301-593 


7238-24 



Table of Squares, Cubes, Square Roots, and 
Cube Roots. 



Number. 


Square. 


Cube. 


Square Root. 


Cube Root. 


1 


1 


1 


1-0 


1-0 


2 


4 


8 


1-41421 


1-2599 


3 


9 


27 


1-73205 


1-4423 


4 


16 


64 


2-0 


1-5874 


5 


25 


125 


2-23607 


1-7099 


6 


36 


216 


2-44949 


1-8171 


7 


49 


343 


2-64575 


1-9129 


8 


64 


612 


2-82843 


2-0 


9 


81 


729 


30 


2-0801 


10 


100 


1000 


3-16228 


21544 


11 


121 


1331 


8-31663 


2-2239 


12 


144 


1728 


3-46410 


2-2894 


13 


169 


2197 


3-60655 


2-3513 


14 


196 


2744 


3-74166 


2-4101 


15 


225 


8375 


3-87298 


2-4662 


16 


256 


4096 


4-0 


2-5198 


17 


289 


4913 


4-12311 


2-5713 


18 


324 


5832 


4-24264 


2-6207 


19 


861 


6859 


4-35890 


2-6684 


20 


400 


8000 


4-47214 


2-7144 1 



A A 
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Number. 


Square. 


Cube. 


Square Root. 


Cube Root. 


21 


441 


9261 


4-58258 


2-7589 


22 


484 


10648 


4-69042 


2-8020 


23 


529 


12167 


4-79583 


2-8439 


24 


' 576 


13824 


4-89898 


2-8845 


25 


625 


15625 


50 


2-9240 


2G 


670 


17576 


5-09902 


2-9625 


27 


729 


19683 


519615 


30 


28 


784 


21952 


5-29150 


8-0366 


29 


841 


24389 


5-38517 


3-0728 


30 


900 


27000 


5-47723 


31072 


31 


961 


29791 


5-56776 


3-1414 


32 


1024 


32768 


5 65685 


3-1748 


33 


1089 


35937 


5-74456 


3-2075 


34 


1156 


39304 


5-83095 


3-2396 


35 


1225 


42875 


5-91608 


3-2711 


36 


1296 


46656 


6-0 


3-3019 


37 


1369 


50653 


608276 


8-3322 


38 


1444 


54872 


6-16441 


8-3619 


39 


1521 


59319 


6-245 


3-3912 


40 


1600 


64000 


6-32456 


3-4199 


41 


1681 


68921 


6-40312 


3-4482 


42 


1764 


74088 


6-48074 


3-4760 


43 


1849 


79507 


6-55744 


3-5034 


44 


1936 


85184 


6-63325 


3 5303 


45 


2025 


91125 


6-70820 


3-5569 


46 


2116 


97336 


6-78230 


8-5830 


47 


2209 


103823 


6-85566 


3-6088 


48 


2304 


110592 


6-92820 


3-6342 


49 


2401 


117649 


7-0 


3-6593 


50 


2500 


125000 


707107 


3-6840 


51 


2601 


132651 


7-14143 


3-7084 


52 


2704 


140608 


7-21110 


8-7325 


53 


2809 


148877 


7-28011 


3-7563 


54 


2916 


157464 


7-34847 


3-7798 


55 


3025 


166375 


7-4162 


3-8029 


56 


3136 


175616 


7-48332 


3-8259 


57 


3249 


185193 


7-54983 


3-8485 


58 


3364 


11)5112 


7-61577 


3-8709 


59 


3481 


205379 


7-68115 


8-8930 


60 


3600 


216000 


7-74597 


3-9149 


61 


8721 


226981 


7-81025 


3-9305 


62 


3844 


238328 


7-87401 


3-9679 
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1 Kamber. 


Square. 


Cube. 


Square Root. 


Cubo Root. 


63 


3969 


250047 


7-93725 


3-9791 


64 


4096 


262144 


80 


4-0 


65 


4225 


274625 


8062^6 


40207 


66 


4356 


237496 


8-12404 


40U2 


67 


4489 


300763 


8-18535 


40615 


68 


4624 


314432 


8-24621 


40817 


69 


4761 


328509 


8-30662 


41016 


70 


4900 


343000 


8-36660 


41213 


71 


5041 


357911 


8-42615 


4-1408 


72 


5184 


373248 


8-48528 


4-1602 • 


73 


5329 


389017 


8-54400 


41793 


74 


5476 


405224 


8-60233 


4-1983 


75 


5625 


421875 


8-66025 


4-2172 


76 


5776 


438976 


8-71779 


4-2358 


77 


5929 


450533 


8-77496 


4-2543 


78 


6084 


474552 


8-83176 


42727 


79 


6241 


493039 


8-88819 


4-2908 


80 


6400 


512000 


8-944 


4-3089 


81 


6561 


531441 


9-0 


4-3267 


82 


6724 


551368 


905589 


4-3445 


83 


6889 


571787 


91 1043 


4-3621 


84 


7056 


592704 


9-16515 


4-3795 


85 


7225 


614125 


9-21955 


4-3968 


86 


7396 


636056 


9-27362 


4-4141 


87 


7569 


658503 


9-32738 


4-4314 


88 


7744 


681472 


9-38083 


4-4479 


89 


7921 


704969 


9-43398 


4-4647 


90 


8100 


729000 


9-48683 


4-4814 


91 


8281 


753571 


9-53939 


4-4979 


92 


8464 


778688 


9-59166 


4-5144 


93 


8649 


804357 


9-64265 


4-5307 


94 


8836 


830584 


9-69536 


4-5468 


95 


9025 


857375 


9-74679 


4-5629 


96 


9216 


884736 


9-79796 


4-5789 


97 


9409 


912673 


9-84886 


4-5947 


98 


9604 


941192 


9-89949 


4-6104 


99 


9801 


970299 


9-94987 


4-6261 


100 


10000 


1000000 


10-0 


4-6416 
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Table of thk Wbioht of Cast-ihow Baxlc. 



Diam. 

in 
inches. 


Weight 
in lbs. 


Diam. 

in 
inches. 


Weight 
inlbB. 


Diam. 

in 
incheB. 


Weight 
in lbs. 


2 


110 


6 


29-72 


10 


137-71 


2i 


1-57 


6i 


33-62 


10* 


148-28 


H 


215 


6* 


37-80 


10* 


159-40 


2* 


2-86 


6f 


42-35 


lOJ 


171-05 


3 


3-72 


7 


47-21 


11 


183-29 


3i 


4-71 


n 


52-47 


11* 


196-10 


3* 


5-80 


7i 


68-06 


11* 


209-43 


Si 


7-26 


H 


6409 


Ui 


223-40 


4 


8-81 


8 


70-49 


12 


237-94 


4i 


10-57 


8* 


77-32 


12* 


263 13 


4* 


12-55 


8* 


84-56 


12* 


268-97 


4* 


14-76 


H 


92-24 


V2i 


285-37 


6 


1712 


9 


100-39 


13 


302-41 


H 


19-93 


9* 


108-98 


13* 


320-80 


H 


22-91 


H 


11806 


13* 


338-81 


H 


26-18 


H 


127-63 


13} 


^67-93 



Table of Dimensions fob Pipe Flanges and S'ockbts. 



Diamoter 


Diamoter of 


Thickness 


No. of 


Bore of 


Depth of 


of Pipe. 


Flange. 


of Flange. 


Bolts. 


Socket. 
Inches. 


Socket 


Inches. 


Inches. 


Inchoa. 


Inches. 


2 


6 to 6* 


* 


4 


H 


2J 


3 


7*„ 8 


i 


4 


4* 


3 


4 


8* ,. 9 


* 


4 


H 


3i 


6 


10 „ 10* 


i 


6 


H 


4 


6 


11 ,,11* 


i 


6 


n 


4* 


7 


12 „ 13 


i 


6 


H 


4* 


8 


13 „ 14 


i 


6 


H 


H 


9 


14 „ 15 


i 


6 


11 


44 


10 


16 


1 


6 


12 


^ 


II 


17 


1 


6 


13 


44 


12 


18 


1 


6 


14 


44 



The above dimensions are good, but not arbitrary. The 
usages of manufacturers differ, some making their flanges 
smaller, others larger than these. Obviously, too, the pro- 
portions and the number of bolts and flanges will vary with 
the strains the pipes have to boar. 
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Table of Dbodcal Equivalents. One Inch the Intbgeb. 



•96875 


= i and A 


•46875 


= f and A 


•9375 


= * „ tV 


•4375 


= » M A 


•90625 


= i „ A 


•40625 


= * „ A 


•875 


= J 


•375 


= f 


•84375 


= f » A 


•34375 


= i M A 


•8125 


= J „ tV 


•3125 


= i „ A 


•78125 


= * „ i^r 


•28125 


= i „ A 


•75 


= i 


•25 


= i 


•71875 


= f M A 


•21875 


= t „ A 


•6875 


= « » tV 


•1875 


= t „ A 


•65625 


= 1 M A 


•15625 


= t M A 


•625 


= 1 


•125 


= t 


•59375 


= * „ A 


•09375 


= A 


•5625 


= i ,, A 


•0625 


= A 


•53125 


= i „ A 


•03125 


A 


•5 


= * 







Table op 


Deoihal Equivalents. 


One Foot the Tntegeb, 


•9166 


— 


11 inches. 




•1666 =2 inches. 


1 •6338 


= 


10 


>f 




•0833 = 1 inch. 


•75 


= 


9 


ft 




•07291 = ^ of inch. 


•6666 


= 


8 


ft 




•0625 = J „ 


•5833 


= 


7 


ft 




•0.5208 = 1 „ 


•5 


= 


6 


»f 




•04166 1=: J „ 


•4166 


^z 


5 


ft 




•03125 = i „ 


•3333 


= 


4 


»» 




•02083 = i „ 


•25 


= 


8 


fy 




•01041 = i „ 



Table of the Weight of Solid Oylindbrs in Oast Irow, 
One Foot long. 



Weight) 
in lbs.) 


1 


2 


8 


Dii 
4 


unetei 
5 


ninii 
6 


iches. 
7 


8 


9 


2-4 


9-9 


21^9 


390 


610 


89-0 


120-0 


1560 


1980 
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ACACTA for ooga, 54 
Advunta^ee of Hoientiflo know- 
ledge, 311 

Advantages of g^reeo sand mould- 
ing, 273 

Air-vessel, 259 

Allowances for tnming and plan- 
ing, 2S0 

An'^les in castings, 26 

Angle wheels, 68—70 

Antiquity of pattern-making, 313 

Apple-tree wood for cogs, 54 

Approximate formula for weights 
<»f wheels, 176 

Arc-* of largo radius, 269 

Aroiis of circles, Appendix, 317 

Aritlimetio, 313 

Arms of wheels, 15, 25, 32, 41, 44, 
47, 57, '.96 

Arms of flywheels and pulleys, 121, 
124, 142, 145 

Arms of road wheel, 129 



BALLS, cast-iron, weights of, 
Appendix, 356 
Band saws, 297, 298 
Bars of foundry boxes, 230 235 
Barrels for crane chains, 210 
Baseplates, 102 
Bearer for fire-bars, 277 
Bearing, engine-bed, 105 
Beeoh for oogs, 64 



Beeswax lor metal patterns, 125 
Belt pulleys, 120 
Bends, 157-161 
Bevel-wheeb, 29—33, 45'61 

arms of, 32, 47, 196 

building up of, 31, 38 

marking out, 29, 30 

machine-made, 45—51 

tnming, 31 
Blaoklead and soap, a lubricant, 

152 
fihides of screws, 223—228 
Blocks for working wheel teeth, 22, 
23 

for teeth of machine wheels, 
40, 41, 47, 48, 51, 52 
Boards for striking barrels, 212 
—216 

capstans, 192 

cylinders, 98—100 

flywheels, 115 

pipes, 161, 162 

machine- wheels, 42 — 51 
Boards, turn-over, 31.) —319 
Body flanges for ppes, 153 
Boiler flttmg^ and mountains, 276 

—279 
Bosses of flywheels, 116, 119 

pulleys, 122, 124 

screws, 227 

to distinguish from prints, 284 

of water- wheds, 266 

of cog- wheels, 16 
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Book knowledge, 3 1 1 
Bottom boards, 315—319 

plate for loam work, 97 
Boxes for motdding, 229 
Boxing up of patterns, 104, 106, 

239, 247 
Bracket for gasholder, 180 
Branch pipes, fitting of, 155 
Brass, contraction of, 3 

dowels, 202 

faces for cocks, 260 

multiplier for, 178 

patterns, 125, 262 

to estimate weight of, 172 

work, 262 337 
Brazing metal, 260 
Breadth of wheel teeth, 16 
Breaking strength of wheel teeth, 

69 
Bricking up of cylinders, 98 
Broken castings, to mould from, 

284 
Buckling of castings, 111 
Building up of patterns,,! 7, 27, 28, 

33, 37, 114, 143 
Bursting of mortise wheel rims, 45 



CANTILEVERS, 59 
Capstans, 190—194 
Carbonic oxide in mould, 77 
Cast iron (See Iron) 
Cast-iron balls, weight of, Appen- 
dix, 356 
Casting brass faces to cocks, 260 
Castings, the use <'f hollows in, 26 
estimating weights of, 172 — 
178 
Calculating diameters and pitches 

of wheels, 60 
Centre-plates, 205 

square, 207 
Chain barrels, 210—216 
Chaplets, 240 
Chock for loam joint, 98 



Check fcft striddee, 161 
Cheeking pftttems, 286—290 
Chequering of foot-plates, 281 
Chilled work, 217—220 
Chisels for turning, 19 
Choioe of rolling droles, 15 
Chord of oirde, 267 
Circles, areas, oiroumf erenoee o^ 

Appendix, 347 
Circular saws, 294 — 297 
Clips used in ohilling, 220 
Cooks, 255—264 

Cogs, driving and securing of, 55, 
56 

woods used for, 54 
Columns, fluted, 164—168 

octagonal, 169 

cores for, 168 
Contraction of brass, 3 

iron, 3 

for metal patterns, 125 

rule, 3 
Comparison of yarious methods of 

making wheel teeth, 23 
Core-bars, 168 

Core-boxes for oylindera, 84, 86, 
93—96 

engine beds, 105, 108— 111 

flywheel arms, 116, 119 

globe -valves, 263 

lathe beds, 248 

maohine wheels, 89, 51 

mortise, 54 

of large diameter, 282 

pumps, 255—261 

road wheel, 128—131 

sheave- wheels, 144 — 149 

sluioe-oooks, 260 

stock, 282 

turbines, 271, 272, 274 

water-wheels, 266 
Oore-prints, 71—77 
Cores for strainers, 259 

8tribkling of, 161—163 

strikiiigof, 168» 192 
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Oorefl, threading of, 168 

venting of, 77 
Coring holes in flanges, 154 
Countershafts, speeds of, 306 
CrosHheads, 139, 140 
Crystals in iron, 26 
Cubes, oabe roots, table of, Appen- 
dix, 353 
Curving of engine beds, 111 — 113 

gutters, 318 

name-plates, 281 

pulley arms, 121 
Cutting wooden cogs, 55 
Cyoloidal teeth, 14 
Cylinders, loam, 97 — 101 

pattern, 78—96 

solid, weight of, Appendix, 
367 



DEAD-PLATE for boiler, 276 
Decimal equivalents, table of. 
Appendix, 357 
Decimals useful in calculations, 

178 
Decomposition of water in a mould, 

77 
Delivery-box, 256 
Depth of prints, 72 
Designing pulley arms, 121 

wheel teeth, 9—14 
Development of screws, 221—227 
Diagram of crystals in cast-iron, 

26 
Diagonals for worm, 35 

screw, 222 
Diameters of wheels, to calculate, 
60 
table of. Appendix, 358 
of circles, table of. Appendix, 

347 
screws, 221 
Discs for turbines, 272 
Disproportioned eastings, 120 
Division of labour, 1 



Door-frame for boiler, 277 

man-hole, 279 

mud-hole, 279 
Dovetailing of teeth, 22 
D.iuble cylinder, 86—96 
Dowek, 201—203 
Dowelling, 203 
Driving in of cogs, 5A 
Drawbacks, 179—187 
Drawing-boards, 5 
Drilling-machines, 242—244 

ECCENTRIC sheaves, 132 
straps, 132 
Eighth bends, 157 
Engine bedH, 102—118 
cylinders, 78—101 
work, miscellaneous, 132— 14U 
£|>ioycloidal teeth, 7, 14 

m de of forming, 9, 14 
Equivalents, decimal, table of, Ap< 

pendix, 357 
Estimating weights of castings, 172 

—178 
Experience, the value of , 180, 313 
Exhaust core- boxes, 85, 93, 94 
Eyes in castings, 75 

FACED and unfaced portions of 
castings, 284 
Facings for brasses, 125 
FttHtening letters to name-plates, 28 1 
Feet of cylinder, 83, 185 
Fitting, allowances for, 247, 280 

dovetailed teeth, 22 

lignum vitw beiuringB, 274 

wooden cogs, 55 
fire-bar, straight, 277 

swecped, 279 
Fire-door, 278 

frame, 277 
Flanges, body, 153 

proportion of, table of, Appen« 
diz, 356 
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Flaoges of oolumiiB, 167 

holes in, 154 

of pipes, 153 

stopping off, 197 
Flasks, 229 

Fluted columns, 164—171 
Flutes, jointing of, 166 
Foot-plates, chequering of, 281 
Footstep bearing of turbine, 274 
Fopoe-pump, 261 
FormuIsB for calculating weights of 

wheels, 176 
Formula for finding the versed 
sine, 269 

for pulley arms, 121 

bosses, 86, 122 

for wheel calculations, 15, 16 
Foundry requisites, 229—236 
Foundation for loam mould, 97 
Fox's trimmer, 303—304 
Framings of machines, 237 
Friction of deep patterns, 204 



GAP bed, 247 
Gas engine, 304 
Gkises in a mould, 77 
Gasholder bracket, 180 
Gauge, long-toothed, 207 
Gearing angle, 68 — 70 

bevel, 29—33, 45—61 

heUoal, 61—67 

madhine-made, 39 — 52 

spur, 13—28, 39—45 

wooden, 66, 56 

worm, 84—38, 52 
Grencrating circle, 13, 14 
Girders, 183, 184 
Glasspapering of teeth, 24, 38 
Globe valve, 2()3, 264 
Glue joints, 283 

making, 282 
Gluing segments of wheels, 18 
Gk>uge for turning, 19 
Grovemor ring of turbine, 272 
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Ghravity, spedflo, 178 

Green sand moulding, 45, 27S 

Grids, 182 

Grinding googe, 19 

Grooves in pulleya, 141 

Gunmetal castings, 262 
oontraotioii of, 3 
iaoes in valves, 260 
mullipUer for, 178 
name-pLates, 281 

Gutters, 318 

Gnide-izoiiy 161 
line, 160 

Guides for piston-rod, 189 



XT -SHAPED aim oore-boxes, 40, 

Half shrouding, 58 
Head metal of cylinders, 80, 88 
Heavy machine work, 237—244 
Helical wheels, 61—67 
Hints on study, 311—313 
Holes, casting of, 71 — 77 
Hollow framing of machines, 237 
Hollows in castings, 26 
Horizontal engine bed, 102 — 118 
Hornbeam for cog^ 54 
Hydraulic work, 255 — 275 
Hydrogen in mould, 77 



INVOLUTE teeth, 10 
Iron balls, weight of, table of, 
Appendix, 356 
Iron, contraction of, 3 
core-boxes, 282 
cylinders, weight of, 177 ; Ap- 
pendix, 367 
crystals in, 26, 217 
dowels, 202 
lifting-plates, 204 
molten, temperature of, 77 
multiplier for, 172 
patterns, 124 
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Iron rapping-plaies, 204 
sockets, 154 

unequal oontraotion cf , 3 
weight of, 172 

J AGOING of wronght-iron arms, 
119 
Joint boardfs 315—319 
Joints, glued, 283 

open, 37, 241 316 

sand, 182 332 
Jointing of brass work 262 338 

ohiUs, 219, 220 

columns, 166, 169 

cylinders, 79, 86, 92, 101, 186 

drawbacks, 182 

flywheel cores, 117 

flutes, 166 

girders, 183, 184 

lathe beds, 188 

loam moulds, 98, 101, 214— 
216 

mftAhTOA wheel moulds, 42 — 
51 

pulleys, 123 

pumps, 256—258 

road wheel, 129 

screws, 221—228 

sheave wheels, 142—149 

slide yalvee, 134 

turbine guides, 270 

turned work, 206 

Yalyes, 263 



£ 



EY boss, 121 



LAGGING up of cylinders, 80, 
88 
pipes, 151 
Lap and lead, to mark on eccentric, 

132 
Lathe beds, 188, 245—249 
poppets, 254 



Lathes for pattern shop, 291—294 

slide-rest, 250—252 
Lathe standard, 253 
Lead letters, 281 

multiplier for, 178 

in pattern-shop, 285 

patterns, 125 
Lifting barrels, 210—216 

plates, 204 

straps, 205 
Lignum vitsB for turbine step, 274 
Loam boards— for barrels, 212— 
216 

capstan, 192 

columns, 165 

cylinders, 98—100 

pipes, 155 

pumps, 258 

turbines, 273 
Loam bricks, 100 

moulds, 97, 155, 214 

patterns, 155, 160, 191, 211 

screws, 227 
Long-toothed gauge, 207 
Loose pieces, 195 
Lubricant — soft soap, 152 
Lugs — for moulding box, 230 235 

splitting wheels, 57 



TfAOmNE-moulded wheels, 39 

Machinery, care of, 306 

parts, 237—244 
Mahogany for patterns, 4 
Makeshift work, 284 
Man -hole frame, 279 
Measurement of wheel parts, 174 
Mending up, 273 
Metal patterns, 124 328—337 
Metals, multipliers for, 178 
Method of estimating weights, 172 

—178 
Method of using Odontograph, 9 
Mill gearing, 53 
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BCillwriglits, 1 
ItOtre- wheels, 29 
Moisture in a mould, 77 
Mortiiie-wheels, 53 — 68 
Moalding-boxes, 229 

of barrels, 210-216 

capstans, 190— ir4 

columns, 164—171 

cylinden, 78—101 

engine beds, 102 — 1 1 3 

flywheels, 116— 119 

lathe beds, 188, 245 

machine parts, 238 - 244 

wheels, 39-62 

pipes, 151—163 

pumps, 265 — 258 

screws, 221—228 

sheave- wheels, 141 — 150 

turbines, 269—276 

various ways of, 179 — 189 
Mouldings on oolnmns, 167 
Moulds— green sand, 42, 273 

loam, 97-101, 214 
Mud -hole frames, 279 

NAME-PLATES, 281 
Nave of wheels, 1 6 
Notes, workshop, 2S0— 290 
Number of teeth in whvels, table 
of. Appendix, 368 
to calculate, 60 
Nut for sluice cock, 261 







AK for cogs, 64 
Object in jointing patterns, 15J 
Odontograph scale, 8 
Open joints, 37, 241 316 
Ornamental columns, 164 — 171 
Oxygen in mould, 77 

pAPEE joints, 17 

JL templets, 36, 221 

Faint for patterns, 284 



Passages of cylinders, 84, 85, 92— 

95 
Pattern register, 286 345 

sorewB, 221—225 

timber, 4, 286 

wheels, 17—88 
Patterns, checking of, 286 —290 
Patterns for gunmetal, 262 

of metal, 124 828—337 

maker, qualifications of, 308 — 
314 
Pattern shop machinery, 291 — 306 

tools of, 2 

work, variety in, 309 
Peg-and-cup dowels, 208 
Pegs, wooden, 32 
Pile screws, 223 
Pine, yoUow, for patterns, 4 
Pinning of cogs, 55, 66 
Pipe flanges, proportions of, table 
of. Appendix, 366 

sockets, 356 
Pijiort, strainer, 259 

estimating weight of, 177 

stopping off, 197 
Piston-rod guides, 139 
Pitch of bevel-wheels, 29 

spur-wheels, 7 

worm-wheels, 37 

screws, 221 

to calculate, 60 

diameters of wheels, table of, 
Appendix, 358 
Planing, alloAvanccs for, 280 

a glue joint, 283 
Planiog-machine bed, 238 
Planing machines for pattern shop, 
300—303 

standard, 239 

table, 241 
Plaster of Paris, 285 
Plate dowels, 202 

moulding, 316—340 
Plates for lifting and rapping, 304 

lor splitting wheeb, 67 
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Plates, tank, striokling of , 200 

thickeDing of, in casting, 3 
Plug for sluioe-cook, 261 
Pocket prints, 73 
Pressure inmonld, 229 
Prevention of earring in engine 
beds, 113 
in gutters, 318 
Prints for mordse- wheels, 64 
stopping oflF, 73, 197 
thickness of, 73 
to distinguish, 284 
Projection of bevel-wheel teeth, 
29 
of wave-wheeb, 148 
value of, 312 
Propeller screws, 226—228 
Proportions of moulding-boxes, 229 
pulley arms, 121 
„ boss, 122 
wheel arms, 15 
„ boss, 16 
,f rim, 15 
„ teeth, 12 
Pulleys, 120—124 
Pumps, 255—259 



QUALIFICATIONS of pattern- 
maker, 308— 314 
Qualities of iron as affecting con- 
traction, 3 
Quarter bends, 167 



RACK struck with Odontograph, 
34 
Radial drill, 242—244 
Radii of large size, 269 
Radius finder, 208 
Rapping of patterns, 173, 204 
Rapping- plates, 204 
Ratios of wheels, 60 
Reasons why castings vary, 3, 20 i 
Reducing pipe, 158, 163 



Register of patterns, 286 345 
Remarks on turning- tools, 19 
Rest of lathe, 250—253, 292 
Rims of bevel- wheels, 31 

flywheels, 114, 115 

machine wheels, 39—51 

mortice-wheels, 53 

pulleys, 120 

spur-wheels, 15, 17 

worm-wheels, 31, 35 
Ring, moulding of, 199 
Road wheel, 126—131 
Roller, chilled, 219 
Rolling circles, 7, 13 
Rope- wheels, 147—149 
Round-nose for turning, 19 
Rounding of pulley rims, 121 
Rule, contraction, 3 
Rules for calculating wheel teeth, 

60 
Rusting of metal patterns, 125 



S -PIPES, 160 
Saddle of rest, 263, 254 
Safety-valves, 279 

shells of, 278 
Sawing of cogs, 56 
Saws, 294—298 
Saws, band, 297, 298 
Saws, circular, 294—297 
Scale, Odontograph, 8 

for proportions of wheel teoth> 
12 
Science, the study of, 311 
Screws, 221—228 
Screw barrels, 211—216 
Screw wheels, 61—67, 68—70 
Searing of rough patterns, 235 
Seating of valve, 278 
Segments for bevel wheels, 31 

spur-wheels, 17 
Segment screws, 223 

of teeth, 268 
Set squares, 262 
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Shape of wheeUteetL, 6 
Bheave- wheels, 141—149 
Shop tools, 206—209 
Bhroading of tnrbines, 272 

water-wheels, 267 

wheel -teeth, 68 
Shellac Tarnish, 283 
Side chisel fur taming, 19 
Skeleton patterns, 198—200 
Skewers, 76, 108 
SUde- valves, 133—138 
Sluice-cocks, 260 
Small brass work, 262 
Sockets of pipes, table of. Appen- 
dix, 366 
Soft £oap, a lubricant, 162 
Specific gravities, 173 
Specialities, 201—205 
Special tools, 206—209 
Specialisation of work, 1, 308 
Splitting of pulleys, 124 

wheels, 66 
Sprocket-wheels, 149, 150 
Spur-wheels, 9—28 
Squares, table of. Appendix, 363 
Square roots, tableof. Appendix, 363 
Stamping of patterns, 286 
Standard of planing-maohine, 239 
Staples, 206 
Steady for lai he, 162 
Steam cylinders, 78 — 101 
Step of turbine, 274 
Stopping off, 196—198 
Strainer for pipes, 259 
Straps for lifting, 205 
Strap pulleys, 120—1-24 
Strength of wheel teeth, 69 
Strickling tank- plates, 200 
Striking-boards for barrels, 212—- 
216 

bends of pipes, 161 

capstans, 190—192 

cylinders, 97—101 

flywheels, 115 

machine wheels, 42 — 61 



Stripping plates, 338 
Study, course of , 311 

and work, 313 
Suction-box, 266 
Surface-plate, how moulded, 105 
Sweep for flywheel, 118 



TABLE of planing machine, 241 
Tables of— 
diameters, areas, and oircum- 

ferenoes, Appendix, 347 
decimal equivalents. Appen- 
dix, 357 
square and cube roots, Appen- 
dix, 363 
squares and cubes, Appendix, 

363 
dimensions of pipe flanges. 

Appendix, 366 
dimensions of pipe sockets. 

Appendix, 356 
pitches and pitch diameters, 

Appendix, 368 
weights of solid cylinders, 

Appendix, 357 
weights of iron balls, Appen- 
dix, 367 
Tank-plates, strickling of, 200 
Taper— of engine beds, 108 
lathe beds, 188, 247 
patterns, 239 333 
pile screws, 225 
prints, 72 
mortises, 63 
wheel rims, 21 
Tar in foimdry, 161 
Technical knowledge, need of , 3 1 1 
Tee-pipes, 156 
Teeth— of bevel-wheels, 29 
cydoidal, 7, 14 
mortice-wheels, 66 
spur-wheels, 22 
worm-wheels, 34, 38 
calculating strength of, 69 
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Tooth— involute, 10 

methods of working, 22, 23 

to match old wheels, 15 

working contact of, 6 
Temperature of moulds, 77 
Templets— for bevel- wheels, 31 

circles for wheels, 18 

pipe flanges, 154 

screws, 227 

sheave-wheels, 143 

worm-wheels, 37 
Three-throw pumps, 255—258 
Timber — for pattem-ma1[ing, 4 

warping of, 17, 152 
Tup prints, 74 
Toothed blocks for machine use, 

40, 48, 52. 62, 65 
Toothed segment, 268 
Tools — for pattern -making, 2 

shop use, 205—209 

turning, 19 
Trammels, 268 
Trimmer, 303 — 304 
Truck centre for crane, 200 
Turbine buckets. 270 

core-boxes for, 271, 272 

discs, 272 

guides, 272 

step, 274 
Turn-over boards, 315 — 319 
Turning, allowances for, 280 

bends of pipes, 157 

between centres, 206 

cylinders, 81 

hints on, 18—20 

pipes, 151 

rim of bevel-wheel, 31 

steady for, 152 

tools for, 1 9 
Twist wheel*, 68—70 
Typical forms of core-prints, 71 



UNDERCUT edges -od broken 
castings. 284 



INDEX. 371 

TJnderout edges on columns, 171 
Useful studies, 311 



TJ^ALVE-globe, 263, 264 
V safety, 278 

Beatings, 273 

slide, 133—138 
Variety in pattern work, 189, 309 
Varnish— application of, 283 

as a cement, 281 

in metal patterns, 125, 285 

to make, 283 

use of, 284 
Vee-strips, 188, 190. 199, 238, 247 
Venting of oores and moulds, 77 
Versed sine, 269 
Vertical boilers, parts for, 279 



WALL drill, 242 
Warping of timber, 17 
Water-wheels, 265—269 
Wave wheels, 147—149 
Wedging of cogs, 55, 66 
Weight of cast-iron balls, table of. 

Appendix, 366 
Weight of cast-iron oylindern, 

table of. Appendix, 357 
Weights of castings, to estimate, 

172—178 
Wheels— angle, 68—70 

broken to mould from, 285 
diameters, &o., table of. Ap- 
pendix, 368 
arms of, 15, 24, 32 
bevel, 29—33, 40, 45—51 
bosses of, 16, 41, 47, 129, 150, 

196 
ohain, 141—147 
designing of, 7 — 14 
fly, 114, 119 
helical, 61—67 
machine, 39 — 52 



Digitized by VjOOQIC 



37^ 



UTDEZ. 



Wheela — ^maoliines, the change thej 
have effected, 39 

mortiiie, 53—58 

rims of, 21 

sheave, 141—149 

sprocket, 150 

spur, 9—28, 40—45 

teeth of, 7—15, 22—24, 29, 34, 
38,41,49,52, 58, 62, 67, 70 

water, 265—269 

wave, 147—149 
Willie's Odontograph, 8 
Wooden dowels, 202 



Wooden pegs, 32 
Woolwich Arsenal, 309 
Workshop notes, 280—289 
Worms, 34—37 
Worm-wheels, 34—38, 51. 52 
Worn castings, to mould from, 284 
Wronght-iron arms, 118, 129, 143 

ejes, 75 

sprockets, 150 



YELLOW pine for patterns, 4 
metal for name-plates, 281 
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MECHANICAL ENGINEERING, &c. 



THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

G>mprisin2 Tables, Fonnuke, Rules, and Data : A Handy Book of Reference 
for I>atly Use in Engineering Practice. By D. Kinnbar Clark, M. Inst. C£., 
Fourth Edition. Small 8vo, 700 pp,, bound in flexible Leather Cover, rounded 
comers 8/0 

SUMMARY OP C0NTBNTS:~MATHBMATICAL TABLBS.—MBASURBMBNT OP SUR- 

PACBS AND SOLIDS.— English and foreign weights and Measures.— Moneys.— 
Specific gravity, weight, and Volume.— Manufactured Metals.— Steel Pipes. 
— Bolts and Nuts.— sundry articles in wrought and Cast Iron, Copper. 
Brass. Lead, tin. Zinc— strength op Timber.- strength of Cast Iron.— 
Strength op wrought iron.— strength of steeu— Tensile Strength op 
Copper* Lead, ate— Resistance of Stones and other Building Materials.— 
Riveted Joints in Boiler Plates.— Boiler shells.— Wire Ropes and hemp 
ROPES.— Chains and Chain Cablbs.—Framing.— Hardness op metals, alloys, and 
Stones.— Labour op animals.— Mechanical Principles.— Gravity and Fall op 
Bodies.- accelerating and Retarding Forces.— Mill Gearing, shafting, ace— 
Transmission of Motive Power.— Heat.— Combustion: Fuels.— Warming, venti- 
lation. Cooking stoves.— Steam.— steam Engines and Boilers.— Railways.— 
Tramways.— STEAM ships.— Pumping Steam Engines and Pumps.— Coal Gas, Gas 
Engines, ace— air in motion.— compressed air.— Hot air Engines.— watbr 
Power.— Speed op Cutting tools.— colours.— Electrical engineering. 

** Mr. Clark manifiesu what to an Innate perception of what to Ukdy to be uteftil In a pocket* 
book, and he to reaOv unrivalled in the an of condensation. It to very difficult to hit upon aay 
' engineering subject conceniing wbkh thto work supplies no infonnation, and the 
lex at the end adds to its utiHtr. In one word, it to an exceedingly handy ai ' " ' 
Md of which the engineer will be saved many a wea r iso me calculation. 01 



. ^ many a wearisome calculation, or yet mote 

w eari so me hunt throufh various test-books and treatises, and, as such, we can heaitUy nrowim e n d 
k to our readers."— TV Engittttr. 

"It would be found dlAcnlt to comprees mote matter within a sfanOar compass, or produce a 
book of 650 pages which should be more compact or convenient for pocket raference. . . . Will 
be appreciAtedby mechanical engineers of aO riss se t , "—PrwHral Enrinttr, 
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CROSBY LOCKWOOD & SON'S CATALOGUE, 



MR. HUTTON'8 PRACTICAL HANDBOOKS 



THE WORKS' MANAQER'5 HANDBOOK. 

Comprisins Modern Rales. Tables, and Data. For Enffineen, Millwrights, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 
Brass Founders, &c By W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer's Handbook." Sixth Edition, carefnlly 
Revised, with Additions. In One handsome Volume, medium 8vo, strongly 
bound. [Just Published. 1 5/0 

B^* Th* Author having compiUd RuUs and Data /or his own uuina gnat 
varitty of modtm tngin$*ring work, and having found his not4s txtrtmtly usiful^ 
dtcidid to publish them — revised to date — believing that a practical work, suitea to 

tht DAILY RBQUIRBMBNTS OP MODERN KNGINERRS, WOUld M faVOUttMy received, 

" Of this edition we niAy repeat the appreciatiTe remarks we made upon the first and third 
Since the appearance of the latter verv connderable modifications hare been made, ahhousrh the 
tot4l number of pages remains almost the same. It is a very useful collection of ndes, tables, and 
workshop and drawing oAke data."— TA^ En^netr, May lo, 189c 

" The author treats every subject from the point of view of one who has collected workshop 
notes for application in workshop practice, rather than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is gained only by practical experience, 
and is seldom written in books."— 7A< En^ifuer, June 5. 1885. 

" The volume is an exceedingly useful one. brimful with engineer's notes, memoranda, and 
niles, and well worthy of being on every mechanical engineer's hoo\saiM\S."—MeckmHiemI IVtrld, 

" The information is precisely that likely to be required In practice. . . . The work Ibrms 
a desirable addition to the library not oidy of the works' manager, but of any one connected with 
general engineering."— A//i(f*v^ yourrnU, 

" Brunful of useful information, stated in a concise form, Mr. Hutton 's books have met a 
pressing want among engineers. The book must prove extremely useful to every practical aiaD 
poasesnng a copy."— /VwrMot/ Emginttr. 

THE PRACTICAL ENQINEER'5 HANDBOOK. 

Comprising a Treatise on Modem Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a lar^e collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constructing all kinds 61 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. HtrrroN, 
Civil and Mechanical Engineer, Author of " The Works' Manager's Handbook 
for Engineers," &c. With upwards of 370 Illustration.^. Fifth Edition, 
Revised with Additions. Medium 8vo, nearly 500 pp., strongly bound. 

[Just Published. 18/0 

B^* This Work is designed as a companion to the Author's "Works' 
Manager's Handbook." It possesses many new and original features, and con- 
tains, like its Predecessor, a quantity of matter rtot originally intended for publication 
but collected oy the Author for his own use in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is iUusirated by 
upwards of 370 Woodcuts; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilbrs, 
ami OTHEK Engineering Work. 

"We have kept It at handtfor several weeks. refiBning to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the infonnation ef which we wen In quest" 
—jitMtrurMtH. 

" A thoroughly good practical liandbook, which no engineer can go through without leamiag 
something that wtU be of service to him."—ManM< Bn^tutr. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
engineering. "—Scotsman. 

" Tim valuable manual embodies the results and experience of the leading authorities 00 
mechanical engineering."— ^rr^^'n^ News. 

" The author has collected together a surprising quantity of rules and practical data, and has 
shown much Judgment in the selections he has made. . . . There is no doubt that tUs book to 
one of the most useful of its Idnd published, and will be a very popular compendium."— ffwi^MMr. 

" A mass of information set down in simple language, and in such a form that It can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it wiU rank as 
one of the most useful books of reference."— /ViorM^a/ Enginetr. 

" Fun of useful information, and should be found on the ofBceshelf of aO practical anglneen." 
-EngUsk Mt€ha$tU. 
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MECHANICAL ENGINEERING, 6<. 



MR. HUTTON'8 PRACTICAL HANDBOOK8-«««^m««4. 



5TEAM BOILER CONSTRUCTION. 

A Practical Handbook for Ennpeers, Boiler-Maken, and Steam Uien. 

Containing a large Collection of Rules and Dau relating to Recent Practice 

in the Dc^gn, Construction, and Working of all Kinds of Stationary, Loco- 

motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 

Mechanical Engineer, Author of " The Works' Manager's Handbook," "The 

Practical Engineer's Handbook." &c. With upwards of 500 Illustrations. 

Third Edition, Revised and much Enlarged, medium 8vo, cloth . . 1 8/0 

10^^ This Work is u$u$d in continuatum of th$ Strits of Handbooks writUn 

hythtA uthor, vix. :— " The Works' Manager's Handbook " and '• The Practical 

Engineer's Handbook," which art so highly appnctattd by tnginurs for th4 

practiced naturt of thtir information ; and is consequently written in tht same style 

as thou works. 

The Author belitves that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical in/ormatton on Steatn- 
BoiUrs. will be of considtrabls service to thou for whom it is intended, and he trusts 
the book may be deemed worthy of as fayourable a reception as has bun accorded to 
its predecessors. 

"One of the best, if not the best, books on boilen that has ever been publKhed. The infbr- 
tnatkm is of the right Icind, in a simple and accessible form. So far as feneration is concerned, this 
Is. undoubtedly, the standard boolt on steam practice."— /f/^c/nVa/ Review. 

" Every detail, ttoth in boiler design and management, b clearljr laid before the reader. The 
~i shows that boiler construction has b«en reduced to ttie condition of one of the most exact 
BS : and such a book is of the utmost value to theyfi* Je siMt Engineer and Works Manager." 
—MariM* Engituer. 

" There has long been room for a modem handbook on •rteam boilers ; there is not that rooiD 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
In the construction, design, selection, or use of boilers."— i^H^'«*/r. 

" The book is of so important and comprehensive a character that it must find its way into the 
Ibniln of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
Inlbffmed. We strongly recommend the book for the intrinsic value of iu contents."— ^a<-A^>Mrv 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great varidiv of the most useful Rules and FormuUe in Mechanical 

Science, with numerous 'Tables of Practical Data and Calculated Results for 

Facilitating Mechanical Operations. By William Templeton, Author of 

" The Engineer's Practical Assistant," &c., &c Eighteenth Edition, Re>ised, 

Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Authot 

of "The Works' Manager's Handbook,'^ "The Practical Engineer's Haod< 

book," &c Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 lllus* 

trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 

" In its modernised form Hutton 's ' Templeton ' should have a wide sale, for it contains much 

valuable information which the mechanic will often And of use. and not a few tables and notes which 

he mk^ht look for in vain in other works. This modernised edition will be appreciated by all who 

have leemed to value the original editions of * Templeton."*— i?«(^/^A Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; and there are 
t many men who, in a great measure, owe their rise in lite to this little \iOfAt,''—BitiUUtt£ 

** Thb fiunlHar text-book— weD known to all mechanics and engineers— is of essential service 
CO ue every-day requirements of engineers. miDwrights, and the various trades connected with 
engineering ana building. The new modernised emtion to worth tes weight in g<Ad."— Bui/ding 
News. (Second NoUccJ 

" Thb well-known and latgdy-used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop."— 
MeeMmmdcat IVartd. 

" The publishen wisely entrusted the task of revision of tbto popular, valuaUe. and useful 
book to Mr. Hutton. than whom a more competent man they could not have found."— /r#f«. 



ENQINEER'5 AND MILLWRIQHrS ASSISTANT. 

A Collection of Useful Tabl^ Rules, j>nd Data. By William Tbmpucton. 
Eighth Edition, with Additions. i8mo, cloth 2/6 

•• Occupies a foremost place among books of this kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possiblv be made.'— BuiJJtt^ Sews. 

A deservedly popular work. It should bo in the 'drawer' of every mechanic."— 'fi^/^A 
Oectumic. 



ajgreat i 
Uems. 
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4 CROSBY LOCKWOOD «• SON'S CATALOGUE, 

THE MECHANICAL ENQINEER'5 REFERENCE BOOK. 

For Machine and Boiler Constraction. In Two Parts. Part I. Gbmbkal 
Enginbbring Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A. Second Editioo, 
Revised throughout and much Enlarged. Folio, half-bound, net . £8 8a« 

PART I.— MBASURBS.— ClRCUMPBRBNCBS AND AREAS, ftc, SQUARES. CUBES, 
POURTH POWERS.— SQUARE AND CUBE ROOTS.— SURFACE OP TUBES.— RECIPROCALS.— 
LOGARITHMS. — MENSURATION. — SPECIPIC GRAVmBS AND WEIGHTS.— WORK AND 

POWER.- HEAT. — Combustion. — EXPANSION and Contraction. — Expansion of 
Cases.— Steam.— STATIC Forces.- Gravitation and Attraction.— motion and 
Computation of Resulting Forces.— Accumulated work.— Centre and Radius 
OF gyration.— moment of Inertia.— Centre of Oscillation.— Electricity.— 
Strength of Materials.- Elasticity.— test Sheets of Metals.— Frictioh.— 
Transmission of power.- Flow of Liquids.— Flow of Gases.— Air Pumps, Surface 
Condensers. Ac— speed op Steamships.— Propbllbrb.—Cutting Tools.— Flanges. 
—Copper Sheets and Tubes.— Screw-nuts. Bolt Heads, &c.— Various Recipes 
AND Miscellaneous Matter.— with DIAGRAMS for Valve<;ear, Belting and 
Ropes, discharge and suction pipes, screw propellers, and copper pipes. 

part II.— treating of power of Boilers.— Useful Ratios.— Notes on 
Construction. — cylindrical Boiler Shells. — Circuuir Furnaces. — Flat 
Plates.— Stays. — Girders.— Screws. — Hydraulic Tests. — Riveting. — Boiler 
setting. Chimneys, and Mountings.— Fuels. Ac.- Examples op Boilers and Speeds 
OP Steamships.— Nominal and Normal Horse power.— with DIAGRAMS for all 
Boiler Calculations and Drawings op many Varieties op Boilers. 

" Mr. Foley is well fitted to compQe such a work. . . . The fflagrams are a mat faatuia 
of the work. . . . Regarding the whole work, it may be T«ry foirly Mated that Mr. Foley has 
prodoced a Yolume which will undoubtedly fulfil the dedre of the author and be c ome indispensable 
to all mechanical cngineeis. "—^ariw Enginter. 

" We have carefiiDy examined thto work, and pronounce it a most excellent raference book 
for the use of marine engineeri."- 7'(W«r»Mi/ q/^ American Society ^Nmval Engineers, 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Foley, Author 
of " The Mechanical Engineer's Reference Book." Pocket •size, cloth . 8/6 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines, and Part II. on Hbat Engines. By 
T. M. Goodbye, M. A., Barrister-at-Law. Professor of Mechanics at the Ra 
College of Science, London ; Author of ''The Principles of Mechanics," " 1 
Elements of Mechanism, "&c. Fourteenth Edition. Crown 8vo, cloth . 6/0 
" Professor Coodeve has given us a treatise on the steam engine which win bear coapeitooo 
with anything written by Huxley or Maxwdl, and we can award it no higher ^xtim." —Engineer. 

ON QAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

Goodbye, M.A. Crown 8vo, cloth 2/6 

" Like aO Mr. Goodeve's writings, the present is no ezceptioo In point of general exce Dan c e. 
It Is a valuable little y^AsxaMr-Mechaniced World, 



THE QAS-ENQINE HANDBOOK. 

A Manual of Useful Information for the Desit 

Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 



A Manual of Useful Information for the Designer and the Engineer. By E. W. 

" " " '^ ' js. Small Fcap. Svo, leather. 

\jMit Publiahtd. Ntt 8/6 



A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, CB. 

Fifth Edition. lamo, cloth 6/0 

•• The best treatise that has ever been published on steam btMen."— Engineer. 
"The author shows hhnself perfect master of his subject, and we heartily recommend aft 
employing steam power to poasess themselves of the work."— Rjf/an4fs Iron Trade CirctUar. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres^ 
squares, cubes, roots, &c ; Weights, Measures, and other Data. Also Prac- 
tical Rules for Modem Engine Proportions. By R. Edwards. M.Inst.C.E. 
Fcap. Svo, cloth. [/msi Pudiisk^ 8/6 

•' A very useftil little volume. It contains many ubles, classified data and memoranda, 
tfenerally useful to en^t^xs."— Engineer. 

"What it professes to be. 'a handy office ccmipanton.* givfaif In a tucdnct form, a varlny of 
Information likrty to be required by engUaeers In their evrryday office work-"— A''aft*nf. 
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MECHANICAL ENGINEERING, 6<. 5 

A HANDBOOK ON THE 5TBAM BNQINB. 

With especial Reference to Small and Mediuni'Suwd Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Habqbr, C.E. Translated from the German 
with considerable additions and alterations, by H. H. P. Powlbs, A.M.I.C.E., 
M.I.M.E. Second Edition, Revised. With nearly 1,100 Illustrations. 
Crown 8vo, cloth 9/0 



" A perfect encyclopaedia of the steam engine and its details, and one which must take a pev- 

it^ace in English drawing-offices and workshops."— v^ FortmaH PatUmmaJttr. 

"This to an excellent book, and should be in the hands of all who are interested in the coo* 



stntctloo and deslirn of niedium-si<ed stationary engines. ... A carefUl study of its contents and 
the arrangement of the sections leads to the conclusion that there to probably no other book like k 
In thk co u ntry. The volume aims at showing the results of practical ezpenence. and It certainly 
any datan a complete achievement of thU idea."— A'o/Mrr. 

**There can be no Question as to its value. We cordlSlly commend k to aO concerned In the 
design and coottnictioo of the steam engine."— Atf!rrAaMk»/ iVarld. 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on L igtUning Conductors. 
By RoBBRT Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," ftc 

Crown 8vo, cloth 8/6 

" A valuable contribution to the literature of scientific butUlng."— 77b« BuUtUr. 

BOILER MAKER'S READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, ana Riveters. By John Courtney, Edited by D. K. Clark. 
M.I.CE. Third Edition, 480 pp., with 140 Illustrations, reap. 8vo . 7/0 
" No workman or ^>prentice should be without thto book."— /nm Tradt CiretUar. 

REFRIQERATINQ & ICE-MAKINQ MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tavlbr, 
A.-M. Inst. C.E. Second Edition, Revised and EnlargecT With Illustrations. 
Crown 8vo, cloth. {Just Fublisfud. 7/6 



** We recommend the book, which gives tlte cost of various systems and illustrations showing 
datafls of pans of machinery and general arrangements of complete installations."— ^M^/lirflrr. 

" Ifay be recommended as a useful description of the machinery, the procesaas, and of the 
tocts, figiues. and ubulated physks of refrigerating. It to one of the beet compilations on the 
snhlect. — £«v<"«^> 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva- 
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J. 
Walus-Taylsk, A.-M. Inst. C.E. Medium 8vo, 468 pp. With 3x8 
Illustrations. [/ust PublishrJ. Net 25/0 

Summary of Contents :— Mechanical Cultivation or Tillage of the 
Soil.— PLUCKING or Gathering the Leaf.— Tea Faciorihs.— The Dressing, 
Manufaciure or Preparation of Tea by Mechanical means.— Artificial 
Withering of the Leaf.— machines for Rolling or Curling the Leaf.— Fer- 
menting PRocHss.— Machines for thh Automatic Drying or Firing of the 
Leaf.— Machlnhs for Non-automatic Drying or Firing of the Leaf.- Drying 
or Firing Machines.— Breaking or Cuiting, and Sorting Machine.s.— Packing 
the Tea.— Means of Transport on Tea plantations.— Miscellaneous Machinery 
AND apparatus.- Final Treatment of the Tea.— Tables and Memoranda. 

" The suhiect of tea machinery b now one of the first interest to a large class of people, to 
whom we strongly commend the volume."— CA«»«Arr o/ComnurttyourHoi. 

" When tea planting was fir»t introduced into the British possessions little, if any. machinery 
wa< etupluyed. but now its use is almost universoL This volume contains a very hiU account of the 
machinery necess.iry for the proper outfit of a factory, and also a description ot the processes best 
carried out by this machinery."'— ytf«r»»<«/ Society qf Arts. 

ENGINEERING ESTIiVIATES, C05T5, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of (joax% Accounts. Br 
A Gbnbral Manager. Second Edition. 8vo, cloth. [Just Publishsd. 12/0 
** Thb is an excellent and very usefid book, covering subject-matter in constant reauisltloa In 
r factory and workshop. . . . The book b invaluable, not only to the young e n gi n ee r , bat 
' "*-- estimate department of every works."— ^wiMrr. 

' unquaUfied praise. The Information is given In a plain, stralgfa tio fw ai d 



** We accord the work 
jr, and bears througho 
f phase of coiumeiclal eng in e erin g. —JUtckanitmt 



r, and tears throu^hoot^e^ddcnce of^the Intonate practkal acquaintance of the author wkk 



Digitized by VjOOQIC 



CROSBY LOCKWOOD & SON'S CATALOGUE. 



AERIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. By A. J . Wallis-Tayi-ki^ A.M. Inst.C.E. 

With 8i Illustrations. Crown 8vo, cloth. {Just Puilisked. 7/6 

"This is in its way an excellent volume. Without ^ing into the minutiae of the subject, it 

yet Ujrs before Its readers a very jfood exntKition of the various ssrstenisof rope transmission m use, 

and fives as well not a little valuable intonnation about tbehr workintf, repair, and management. 

We can safely recommend it as a useful general treatise on the subject."— /"A* Engritutr. 

" Mr. Tayler has treated the subject as concisely as thorouRhness would permit. The book 
will rank with the best on this useful topic, and we recommend it to those whose business is the 
transporting of minerals and good&."—MiHtnj^ youmal. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

ROAD5. 

By A. T. Wallis-Taylbb, Assoc Memb. Inst. C.E., Author of "Modern 
Cycles, &c. ai3 pp., with 76 Illustrations. Crown 8vo, cloth . . 4>/6 
" Mr. Wallis-Tayler's book is a welcome addition to the literature of the subjea, as it is the 
production of an Engineer, and has not been written with a view to assist in the promotion of 
companies. . . . The book is clearly expressed throughout, and is Just the sort of work that 
an mgineer. thinkhig of turning his attention to moCor<arriage woric, would do well to read as a 
preliminaiy to starting operations."— £"»i^»c//rf#i^. 

PLATINQ AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Hornsk, 
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6 
" The latest production from the pen of this writer is characterised by that evidence of ckMe 
acquaintance with workshop methods which will render the book exceedingly accepuble to the 
practical hand. We have no hesitation in commending the work as a serviceable and practical 
handbook on a subject which has not hitherto received much attention from those quallfiea to deal 
witb it in a satisfactory masmtt.''—M*ckanicai IVortd. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 

and including Gearing, both Hand and Machine-made, Engine Work, Sheaves 

and Pulleys, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks, 

the Moulding of Patterns in Loam and Greensand, &c., together with the 

methods of estimating the weight of Casting^ ; with an Appendix of Tables for 

Workshop Reference. By Joseph G. Horner, A.M. I.M.E. Second Edition, 

Enlarged. With 450 Illustrations. Crown 8vo, cloth .... T/6 

" A well-written technical guide, evidently written by a man who understands and has prac- 

tteed what he has written about. . . . We cordially recommend it to engineering students, young 

journeymen, and others desirous of being initiated into the mysteries of pattern-making.'— ^w<Ufr. 

"An excellent vadt mecum for the apprentice who desires to become master of his trade." 

—English Methanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary of). Embracing those current in the Drawinff Oflice, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c, &c 
Comprising upwards of 6,000 Definitions. Edited by Joseph G. Horner, 
A.M.I. M.E. Second Edition, Revised, with Additions. Cfrown 8vo, cloth 7/6 
** Just the sort of handy dictionary required by the various trades en^^aged in mechanical eci« 

glneeting. The practical engineering pupil will find the book of great value m his studies, and evecy 

foreman engineer and mechanic should have a copy." — BuiUting News. 

TOOTHED OEARINO. 

A Practical Handbook for Offices and Workshops. By Joseph Horner, 

A.M.I.M.E. With 184 Illustrations. Crown 8vo, cloth . . . 6/0 

" We must give the book our unqualified praise for its thorougtmess of treatment, and we can 

heartUy recommend it to all interested as the most practical book on the subject yet written."— 

(UteManicai U'»rU. 

FIRE PROTECTION. 

A Complete Manual of the Organisation, Machinery, Discipline and General 
Working of the Fire Brigade otLondon. Bv Captain Eyre M. Shaw, C.B., 
Chief Officer, Metropolitan Fire Brigade New and Revised Edition, Demy 
Bvo, cloth Net 6/0 

FIRE5, FIRE-ENQINE5, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage* 
ment ; Foreign Fire Systems ; Hints on Fire-Brigades, &c. By Charues 

F. T. Young, C.E. 8vo, cloth £1 4s. 

" To such of our readers as are interested in the subject of fires and fire apparatus we can 
most heartily commend this book."— £»u^MMfi^. 
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STONE-WORKINQ iyiACHlNERY. 

A Manuftl dealing with the Rapid and Ecocomical Conversion of Stone. With 
Hinu on the Arrangement and Management of Stone Works. By M. Powis 
Balb, M.I.M.E. Second Edition, enlarged. With Illustrations. Crown 8vo, 
cloth. [Just Published, Q/Q 

" TlM book ibould be in the bands of eveiy mason or student of stoneworiL"— CMM^ 



'* A capital handboolc for all who manipulate stone for building or ornamental purposes."— 
iUuk4$ttry Market. 

PUMPS AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 

Management. By M. Powis Bale, M.I.M.E. Fourth Edition. Crown 

8vo, cloth. [ Just Publishsd. 8/6 

"The matter is set forth as concisely as possible. In tect. condensation rather than diffiise- 

aess has been the author's aim throughout ; yet he does not seem to have omitted anything Ukehr to 

be of ttse."->MrMa/ nT Go* Li^hHng. 

" Thoroughly practical and simply and clearly written."— ^/u^rvw MertUd. 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author of "Lathe- Work." 353 pp. With upwards of 300 Engravings. Lar« 

crown 8vo, doth 12/0 

" a now departure in engineering ttterature. ... W« can recommend this worlc to aO to* 
taieated in milling machines ; it is what it professes to be— « practical tnati»e.''-'EHrttutr. 

" A capital and reliable book which will no doubt be of considerable servico both to those 
who are already acquainted with the process as well as to those who contemplate its adoptkm.'*— 
huktstrUs. 

LATHE-WORK. 

A Practical Treatue on the Tools, Appliances, and Processes employed in 

the Art of Turning. By Paul N. Hasluck. Seventh Edition. Crown 8vo, 

cloth. [Just Published. 5/0 

" Written by a man who knows not only how work ought to be done, but who also knows how 

to do It. and how to convey bis knowledge to others. To all tumeis this book woukl be valuable. "— 

St^iiueriM£. 

" We can safdy recommend the work to young engineers. To the smateur It wHl simply be 
invaluable. To the student it will convey a great deal of useful iniotmaiiou."'~^Mgimtr, 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 
Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 
of •' Lathe- Work," &c With Seventy-four Illustrations. Fifth Edition. 

Waistcoat-pocket size . . .1/6 

" Full of useful information, hints and practical criticism. Taps, dies, and screwing tools 
feneraUv are iUustrated and their actions dascribed."— A^tfcAonio*/ H'trld. 

" It is a complete compendium of all the details of th« acrew>cutting lathe ; in fact a immXAmw- 
1n'Pmrv4 on all the subjects it treats }xpoici."—CarpenUr and BtHUUr. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, Ac. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, including 

Electrical Tables, FoRMULiV, and Memoranda. Waistcoat-pocket sise, 

limp leather. [Just Publtshid. 1/6 

" It would, perhaps, be as diflScutt to make a small pocket-book selection of notes and formulK 

to suit ALL enpneers as it would be to make a univMsal medicine ; but Mr. Smith's waistcoat- 

pocket collection may be looked upon as a successful attempt."— ^Mf^wMr. 

" The best example we have ever seen of vto pages of usefiil matter packed Into the dtanen 
sions of a card<ase. "—Buiiding^ News. ' ' A venuble pocket treasury of kno wledge."-^r»f . 

POCKET GLOSSARY OF TECHNICAL TERMS. 

English-French, French-English ; with Tables suitable for the Architectiu^l, 
Engineering, Manufacturing, and Nautical Professions. By John ^ambs 
Fletcher, Engineer and Surveyor. Third Edition, aoo pp. Waistcoat- 
pocket size, limp leather. [Just Published, 1 /6 
" It to a very great advantage for readers and correspondents In France and England to have 
so large a number of the words rwating to engineering and manufacturers collected m a HUputlBn 
volume. The little book will be usefufboth to students and travellers. "-^rcA»Arr<: 

" The glossary of terms is very complete, and many of the TaUes MX/t new and well arranged. 
We cordUQr commetxd th(e boo|(.''-ir<rA«M^«/ ^^r/^. 
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THE ENOINEER'S YEAR BOOK FOR 1901. 

Comprising FormaUe, Rules, Tables, Data and Memoranda in Civil, Me ch a ni cal. 
Electrical, Marine and Mine Engineering. By H. R. Kbmpb. .\.M. Inst. C.E., 
M.I.E.E., Technical Officer of the Engineer-in-Chief's Office, General Post 
OflSce, London, Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket>Book,"&c Withabout i,ooo Illustrations, n>eciallv 
Engraved for the work. Crown 8vo, 800 pp., leather. [Just Fubtishta. 8/0 
" Rcprwenu an anonnous quantity of work, and fonns a desirable book of rs^Bfence."— 7^ 
Bnfinter. 

"The Tolusie is distinctl]r in advance of most rimilar pubUcatioas In this country.'*— 
Bn£i$»te rinff . 

" This Taluabto and wdl-dcsigned book of nfereoce meets the demands of all des crip do os of 
mg!kk9et%."—SaturtUy Rtvitw. 

" Teems with up-to-date Infonnation in every branch of engineering and coostnictloii.**— 
BmiUiMg Stmt, 

" The needs of the engineering profiBasion could hardly be supplied in a more ad m i r able , 
complete and convonient form. To say that it more than sustains au comparisons is pnttse of the 
highest sort, and that may Justly be said of \\."— Mining youmal. 

" Thsre Is certainly room for the newcomer, which supplies erplanations and directiaaSL as 
well as formube and taUes. It deserves to become one of the most successful of the terhniral 
annuals "—^ rrhiuct. 

" Brings together with great skOl aD the technical information wttich an en gin e er has to use 
dqr by day. It is in every way admirably equipped, and is sure to prove wurrrmM.''—Sc0tnmam. 

" The up-to-dateness of Mr. Kerope's compilation is a quality that will not be k)St on the busy 
people for whom the work is Intended."— ^/ei(fvw HertUti, 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Managemenu For the use 
of Owners and Users of Steam Engines generally. By Wiixiam Dyson 

Wansbrough. Crown 8vo, cloth 8/6 

** This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsew her e."— Afar* Latti Exprtss. 

" We conttallv commend this work to buyers and owners of steam-engines, and to those who 
have to do with theu construction or use."— ri(»w4rr Trades youmaL 

" Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader 
thould be acquired by all intelligent owners and others who use the steam-engine."— ^irf/Wfay Ntmu. 
"An excellent text-book of this useful form of engine. The ' Hints to Purchasers' cootaln a 
good deal of common-sense and practical wisdom."— £i^r^* Mtchanic, 

IRON AND STEEL. 

A Work for the Forge, Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Infonnation for Ironmasters and their Stock-takers: 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills: Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical. Mining, and Con* 
suiting Engineers ; Architects, Omtractors, Builders, &c. By Chari.bs Hoars, 
Author of ^' The Slide Rule," &a Ninth Edition, jamo, leather . 6/0 

" For comprehensiveness the book has not its equaL"— /rv«. 

" One of the best of the pocket \30ck%."—Bngtisk Mt^umic. 

CONDENSED MECHANICS. 

A Selection of FormuUe, Rules, Tables, and Data for the Use of Engineering 
Students, Science Classes, &c. In acomlance with the Reqtiirements of the 
Science and Art Department. By W. G. Crawford Hughes, A.M.1.CE. 

Crown 8vo, cloth 2/6 

" The book is well fitted for those who are either confronted with practical probleou In 
their work, or are preparing for examination and wish to refresh their knowledge by going through 
their formulae iig^ia."— Marine Engineer. 

" It is wdl arranged, and meets the wants of those for whom It is intended.*— ^«MN(y News. 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Engineer. Seventh 
Edition. Sewed 60. 

" If steam-users would but learn this little book by heart, boiler exp to sioos would become 
seosatkms by their rarity."— £>v/^* MethanU. 
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THE LOCOMOTIVE ENGINE. 

The Autobiosraphy of an Old Locomotive Engine. By Robkrt Wkathkr* 
BURN, M.I.M.E. With Illustrations and Portraits of GKORCsand Robert 
Stbphbnson. Crown 8vo, cloth. [/tsi Pudiished. Net 2/6 

SUMMARY OF CoNTEN IS: — PROLor.L'H.— CVLINDRRS.- MOTIONS.— CONNKCTING 
RODS.— FRAMHS.— WHEELS.— PUMPS. CLACKS, &C.—INJECTOKS.—UOILERS.— SMOKE BOX. 
—CHIMNEY.— VVhATHER BOARD AND AWNING.— INTERNAL DISSENSIONS.— ENGINE 

Drivers, dec. 

" It would be difficult to ima^e anvthing more ingeniously planned, more cleverly worked 
out, and more charmini^ly written. Readers cannot laifto And the volume most enjoyable."— 
Glasgvw Htrald. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvemenu made in Railwray En^es 
between 1803 and x8q6. By Clbmbnt E. Strbtton, C£. Fifth Edition, 
Enlarged. With lao Illustrations. Crown 8vo, cloth. L/Nit Publishsd. 8/6 

" Students of raflway bistofy and all wbo are interested in the evolution of the modem 
locomotive wiO find much to attract and entertain in this volume."— Tik^ Titrus. 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
MiCHABL Reynolds, Member of the Society of Engineers, formerly Loco* 
motive Inspector, L. B. & S. C R. Ninth Edition. Including a Kby to 

THB LocoMOTivB Enginb. Crown Bvo, cloth 4/6 

" Mr. Reynolds has supplied a want, and has supplied It weO. We can confidently recoro* 
mend the book net only to the practical driver, but to everyone who takes an interest in the 
performance of locomotive engines. "—rA^ Engituer. 

" Mr. Reymrids has opened a new chapter fai the literature of the day. His treatise is 
admirahto, "^—AUun^nmu 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Compriung a Historical Notice of the Pioneer 

Locomotive Eiigines and their Inventors. By Michael Reynolds. Second 

Edition, with Revised Appendix. Crown 8vo, cloth. [Just Published. 4/6 

" From the technical knowledge of the author, h will appeal to the raOwa^ man of to-day 

more forcibly than anything written by Dr. Smiles. . . . The volume contains mformation of a 

technical kind, and fiictb that every dnver should be fomfliar ^xh."— English Mtckanic. 

" "We should be glad to see this book in the possession of everyone in the kingdom wbo has 
aver laid, or b to lay. hands on a k>comocive engine."— /tom. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. With copious Illustrations and ntimerous 

Tables. By Michael Reynolds. 8vo, cloth 9/0 

" A popular explanation of the different brakes. It will be of great assistance in forming 

public opinion, and wul be studied wrth benefit by those who take an interest in the btak9."—£M£HsM 

Mechanic 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge ot Stationary Engines. By 



MiCHABL Reynolds. Sixth Edition. Crown 8vo, cloth . . . 4/C 
" The author is thoroughly acquainted with his subjects, and his advice on the various points 

treated b clear and practicaL ... He has produced a manual which b an exceedingly useful 

one for the class for whom it b specially intended."— £MWn<-^nM^. 

" Our author leaves no stone unturned. He b determined that hb readers shall not only 

know something about the stationary engine, but all at>out it."— Engitucr. 

ENGINE-DRIVING LIFE. 

Stirring Adventtire and Incidents in the Lives of Locomotive Engine- 
Drivers. By Michael Reynolds. Third Edition. Crown 8 vo, cloth . 1/6 
"Perfectly fascinating. Wilkie CoUins's most thrilling conceptions are ttirown into the 
shade by true mddents, endless in their variety, related in every page.'— AVr/A British MmiL 

THE ENGINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 

By Michael Reynolds. With 45 Illustrations and ntunerous Diagrams. 

Fotu^h Edition, Revised. Ro^ iBmo, strongly bound for pocket wear 3/6 

**Thb admirable work b well suited to accomplish its object, being the honest wnrfcman«hip 

of a competent engineer."— (^Auie^nv Herald. 



Digitized by VjOOQIC 



10 CROSBY LOCKWOOD «• SON'S CATALOGUE. 

CIVIL ENGINEERING, SURVEYING, &c. 

LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA, AND THB COLONIES. 

A Practical Handbook setting forth the Prindplet on which Light Railways 
should be Constructed, Worked, and Financed ; and detailing the Cost of 
Construction, Equipment, Revenue and Working Expenses of Ix>cal Railways 
already established in the above'Rientioned countries, and in Belgium, France, 
Switzerland, &c By J. C. Mackav, F.G.S., A.M.Inst.C.E. Illustrated 
with Plates and Diagrams. Medium 8vo, cloth. [Just Published. 1 5/0 

"Mr. Mackay's volume is deaily and condsely written, admirably arruiged. and flredy 

lUuttnited. The book is exactly wliat has been lonif wanted. We recommend it to all inteiMted 

In the subject. It Is sure to have a wide sale.**— ^tft/iwey Nnu. 

TUNNELLING. 

A Practical Treatise. By Charles Prelini, C E. With additions b>' 
Chaklks S. Hill, C.E. Including 150 Diagrams and Illustrations. RoyiU 
8vo, cloth. [Just Publishtd, Net 16/0 

PRACTICAL TUNNELLING. 

Explaining in detail Settins-out the Works, Shaft-sinking, and Heading«driviiig, 

Ranging the Lines and Levelling underground, Sub-Excavating, Timbering 

and the Construction of the Brickwork of Tunneu, with the amount of Labour 

required for, and the Cost of, the various portions of the work. By Frbdrrick 

W. SIMMS, M.Inst.C.£. Fourth Edition, Revised and Further Extended, 

including the most recent (1805) Examples of Sub-aqueous and other Tunnels, 

by D. KiNNBAR Clark, M. Inst. CE. Imperial 8vo, with 34 FoMing PUtes 

and other Illustrations. Cloth. [Just PubUshsd. £2 2s. 

"The present (1896) edition has bean brouffht riffht up to date, and is thus rendered a work to 

which dvil eni^eert generaOy should hare ready access, and to which engineers who have coo- 

structioo work can hardly afford to be without, but which to the yoonger memt>ers of the profeiifain 

is invaluable, as from its pages they can learn the state to which the science of tunndUng has 

attained.---jea»/war AVwx. 

" The estimation in which Mr. Sinmu's book has been held for many yean cannot be more 
truly expressed than in the words of the late Prof. Ranklne: 'The best source of inf onnatloB on 
the subject of tunnels is Mr. F. W. Simms's work on Practical TunneOinff.' "—Arckittct. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATBR-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Bo^ineering. 
By W. K. Burton, A.M. Inst. C.E., Professor of Sanitary Engineering in tbie 
Imperial University, Toledo, Japan, and Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super-royal 8vo, buckram. [Just Published. 26/0 
1. Introductory. — II. Different Qualities op Water. — III. Quantity of 
Water to be Providrd.— IV. On asckriaining whether a Proposed source of 

SUPPLY IS SUFFICIRNT.— V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED 
TO BE PROVIDED.— VI. CLASSIFICATION OF WATER-WORKS.— VII. IMPOUNDING RBSBR- 
VOIRS.— VIII. EARTHWORK DAMS.— IX. MASONRY DAMS.— X. THE PURIFICATION OF 

Water.— XI. settling Reservoirs.— XII. Sand Filtration.— XIII. Purification 
OF Water by action of Iron, Softening of Water by Action of Lime. Natural 
Filtration.— XIV. service or Clean Water Reservoirs— Water Towers— Stand 
Pipes.- XV. The Connection of Settling reservoirs. Filter Beds and Service 
Reservoirs.— XVI. pumping Machinery.— xvil. Flow of Water in CoNDurrs— 
Pipes and open channels,— xviii. distribution systems.— XIX- Special Pro- 
visions for the Extinction of Fire.— XX. Pipes for water-works.— XXI. Pre- 
VENTioN of Waste op Water.— XXII. Various Appucations used in Connbcti(m« 
WITH Water-works. 

Appendix I. By Prof. JOHN MILNE. F.R.S.— Considerations concerning the 
Probable effhcts of Earthquakes on Water-works, and the Special Pre- 
cautions to be taken in Earthquake Countries. 

appendix 11. By JOHN DE RIJKE. C.E.— ON SAND DUNBS AMD DUNB SaND AS 

A Source of Water supply. 

" The chnpter upon filtration of water is very complete, and the details of construction weU 
Illustrated. . . . The work should be specially valuable to civU engineeis engaged in wofk in 
Japan, but the interest is by no means connned to that locality."— fnt^nMr. 

'* We congratulate the author upon the practical commonsense shown In the preparation of 
this work. . . . The plates and diagrams have evidently been prepared with great care, and 
cannot faU to be of great assistance to the studenL"— ^m^/c^. 

" The whole art of water-works construction is dealt with in a clear and compfehensive fesfalon 
bi thhi handsome volume. . . . Mr. Burton's practical treatise shows in all its sections the fruit 
of independent study and individual experience. It is largely based upon his own practice in the 
branch of engineering of which it treats.**— >SaJW>irf(U' RtyrUw, 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A.M. Inst. C.K., and M.Inst M.E., Author of " Cast 
and Wrouj^ht Iron Bridee Construction," &c., &c. Illustrated with 50 Double 
Plates, I Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 410, elegantly and substantially 

balf-bound in morocco AV/ £6 Os. 

List of Contents. 
1. Historical Sketch op somr of thr mrans that havb bbbn adoptbd por 

THB supply of WATHR TO ClTIHS AND TOWNS.— II. WATER AND THE FORBICN MATTBB 
USUALLY ASSOCIATED WITH IT.— III. RAINFALL AND EVAPORATION.— IV. SPRINGS AND 

THE Waterbearing Formations of various Districts.— v. Measurement and 

HSTIMATTON OF THE FLOW OF WATER.— VI. ON THE SELECTION OF THE SOURCB OP 
SUPPLY.- VII. WELLS.— VIII. RESERVOIRS.- IX. THE PURIFICATION OF WaTBR.— 
X. PUMPS.— XI. PUMPING MACHINERY.- XII. CONDUITS.— XIII. DISTRIBUTION OF WATER. 
—XIV. METERS, SERVICE PIPES. AND HOUSE FiTTINCS.— XV. THB LAW OF ECONOMY OP 
WATRR-WORKS.— XVI. CONSTANT AND INTERMITTENT SUPPLY.— XVII. DESCRIPTION OP 

PLATES.— Appendices, giving Tables of Rates of Supply. Velocities, ate, Ac. 

TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUSTRATED, AMONG WHICH 
WILL BB FOUND: ABERDEEN, BiDEFORD. CANTHRBURY, DUNDEE. HALIFAX. LAMBETH. 
ROTHBRHAM. DUBLIN. AND OTHERS. 

" The most S)-steinatic and valuable work upon water supply hftbcrto produced in EngUsh. or 
In anjr other language. It is characterised almost throughout oy an ezbaustiveneat much more 
distinctive of French and German than of English technical treatises.*'— Bngitutr. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 

works for small Country Districts. By Alimn Greenwell, A.M.I.C.E., 

and W. T. CuRRV, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth. [Just Publishut. 6/0 

" We cunsdcntloualy recommend it as a very useful book for those concerned in obtaining 

watrr for small districts, giving a great deal of practical information in a small compass."— ^mAUItt. 

" The volume contains valuable information upon all matters connected with water supply. 

. . . Full of details on points which are continually before water-works eogineers."— /Vaturt. 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on tJc Concentration and Transmbsion of Power by 
Hydraulic Machincr>-. By G. Croydon Marks, A.M. Inst. C.E. With 
nearly 200 Illustrations. 8 vo, cloth. [Just ruNisked. ^V/ 9/0 

StMMARV OF CnN7hNTS:-PRINCIPLFS OF HYDRAILICS.— THF OBSERVED FLOW 
OF WaTFR.— llYI>KAri.ir PKF>srRH>. MATERIAL.— 1 I- ST I.OAD PACKINGS l-OR SLIDING 

Sl'kface>.— PiTF Joints, -C(>Ni K«>l.I.l^c. Valves.— I'LATFORM Likis.— Workshop, 
Factory, and Dock c ranks.— Hvukai'LicAccumilaioks.-Pkps.srs.—sheft Metal 
Working anm I-okt.iN(; Machinprv.— hydraulic RivF.TTkR.s.— hand, Power, and 
Steam Pi-ill's.— ilkhinhs.— impii.se and Re-action Tirbinhs.— Design of Ti^r. 
BiNF-s.— Water whfels.— Hydrailic Engines.— Recent Achievements.— Tables. 

"We h.i%o nothinji but praise for tliis thoroughly valuable work. The author has succeeded 
In renderinj; his sul>j«Tt intrresting as wrll as instructive."— /VacrtVa/ Fngineer. 

"Can Im? unhfsitaiingly recommended as a useful and up-to-date manua on hydraulic trans- 
mission and utilivitu>n of \«ititj." — M<ckanical II orld. 

HYDRAULIC TABLES, C0-EFF1CIENT5,& FORMUL/E. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes^ and 
Rivers. With New Formulx, Tables, and General Information on Rain^fall. 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.K.I. A. Third Edition, 
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 1 4>/0 
" It is, of all English books on the subject, the ohe nearest to completeness."— ^rrA^i^cf/. 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 
Author of "Aid to Survey Practice," "Modem Metrology," &c Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

" The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of the en^neer's profession." — EngitutriHg. 

WATER ENQINEERINQ. 

A Practical Treatise on the Meastirement, Storage, Conveyance, and Utilisa* 

tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 

By C. Slagg, a. M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6 

" As a small practical treatise on the water supply of towns, and on some applications of watei • 

power, the work is m many respects excellent."— Jfiv>N«rruv. 
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THE RECLAMATION OF LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in 

Works of Reclamation. By Albxanoer Bbazblrv, M.Inst. CE. With 

Illustrations. 8 vo, cloth. \Just Published. J^Tei tOIS 

" The book shows in « concise way what has to be done in reclaiming land from the sea, and 

the best way of doinj; it. The work contains a great deal of practical and usefiU information which 

cannot fail to be of service to engineers entrusted with the enclosure of salt maishes. and to land- 

owners intending to reclaim land from the sea.**— 7"*/ EneiHeer. 

" The author has carried out bts task efficiently and wdl. and his book con'ains a laig* 

amount of information of great service to engineers and others interested in works of mclamation." 

—Aature. 

MASONRY DAMS PROM INCEPTION TO COMPLETION. 

Including numerous FormuUe, Forms of Specification and Tender, Pocket 

Diagram of Forces, &c For the use of Civil and Mining Engineiers. By 

C F. CouKTNKV, M. Inst. CE. 8vo, cloth. [Just Publufud, 9/0 

** The volume contains a good deal of valuable data, and furnishes the etigineer with practical 

advice. The author deals with his subject from the inception to the finish. Many useful sugges- 

tions win be found in the remarks on site and position, location of dam, foundations and 

construction."— i7MiA/i>V News. 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction bv this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublin Port and Docks 

Board. Royal 8vo, cloth 7/6 

" We recommend all interested In harbour works— and. I n d eed, thos e conceniad In the 
i nprovements of rivers generally— to read Mr. Mann's interesting ^otk. —Engitutr, 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Com{>rehensive History <^ the System ; with an exhaustive 
Analysis of the Varioiu Modes of Traction, including Horse Power, Steam, 
Cable Traaion, Electric Traaion, &c ; a Descripuon of the Varieties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Eldition, Thoroughly^ Revised, and Including the Progress recently made b 
Tramway Construction, &c, &c. By D. Kinnbaa Clark, M. Inst.C.B. 
With 400 Illustrations. 8vo, 780 pp., buckram. [/m*^ P u blisht d . 28/0 

" The new Totume is one which will nmk. among tramway engineeis and those Interasted In 
tramway working, with the Author's world-iuned book on railway oiachfaify."— Tkg Bne in t t r 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Surrey-work io 
the Colonies. By Gkorgb W. Usill, A.M.I.C.E. With 4 Plates and up- 
wards of 330 Illustrations. Sixth Edition. Including Tables of Natural Sines, 
Tangents, Secants, &c. Crown 8vo, cloth 7/6 \ or, on Thin Paper, leather, 

gilt edges, for pocket use 1 2/6 

" The best forms of instruments are described as to their constiuctioa. uses and aaodas 
of employment, and there are innumerable hints on work and equipment such as the anttior. In 
his experience as surveyor, draughtsman and teacher, has found necessary, and whkli the rtudsnt 
in his inexperience will find most serviceable."— £r^M«rr. 

" The latest treatise in the English lansrusge on surveying, and we have no hesltatkm In 8sy> 
that the student will find it a better guide than any of its predecesso '^ 



ing that I . , _ 

recognised as the first book which should be put In the hands of a pupO of QvU Engineering."— 
ArckiUct. 

SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineers and Surveyors. 
Including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil Kbnnbdv, 
M. Inst. CE. With Diagrams and Plates. Demy 8vo, cloth. 

\Just Publislud. yet tOIS 
"The work is very clcirly written, and should remove all difficulties in the way of any surveyor 
desiroiu of malung use of this useful and rapid instrument."— A'a/Nrr. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; uid in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustratioos, and Records. 
By Lewis D' A. Jackson, A. M. I.e. E. 8vo, cloth .... 12/6 
" A valuable vatU-mtcum for the surveyor. W« recoomiend this book as containing aa 
admirable supplement to the teaching of the accomplished surveyor. "~ AtiUtuturm. 

•• The author brings to his work a fortunate union of theory and pnctical «xpM 
aided by a dear and ludd style of writing, renders the book a very useful one.-— Jwif/rffr. 
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eNOINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Conritting of • Scries of Tables, with Rules, Explanadoos of Systems, and 
ose of Theodolite for Traverse Surveying and plotting the work with minute 
aocnracv by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Casting*out and Reducins Levels to Datum, and Plotting Sections 
b the ordinarr manner; Settinj;*out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument; 
Setting*out Curves without Theodolite on the System of Tangential Angles by 
Seu of Tangents and Offsets ; and Earthwork Tables to 80 feet deep, calcu* 
lated for every 6 inches in depth. By W. Davis Haskoll, C.E. With 
numerous Woodcuts. Fourth Edition, Enlarged. Crown 8vo, cloth . 1 2/0 



Ibyr 

pwp ei ed with the accuiacy and AilneM of those given in this ytA»xvat,"—Raitway News. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, with Additions. Large crown 8vo, cloth . 9/0 

" This book must prove of great value to the student. We have no hesitation In recom- 
■eadlng It. fe^ng assured that it will more than repay a careftil flbiAy."—MtchaMicat IVttrUl. 

"A most nseftil boolc for the student. We strongly recommend it as a careftiUy-written 
and valua b le tezt*boole. It enloyv a weU-daerved repute among surveyors."-— ^w^/4^^. 

"This volume cannot fim to prove of the utmost practical utility. It may be safely recom 
Ml dad to aO students who aspire to become clean and expert surveyors. "—AnNiM^ youmal, 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roods ; with Mr. Telford's Rules for the same. By 
Frxdkiiick W. Simms, F.G.S., M. Inst. C.E. Eighth Edition, with the 
addition of Law's Practical Examples for Setting-out Railway Curves, and 
• • *• • ^. p ^ With 7 Plates 



Trautwinb's Field Practice of Laying-out Circular Curves. 

1 numerous Woodcuts, 8vo, cloth B/O 

' TRAtrrwiNB on Curves may be had separate 5/0 

_ _e text'book on levelHng in most of our englneerfaig schoob and colleges."— fivitocrr. 
"The pubttsbers have rendered a substantial service to the profession, especially to the 



** The text'book on levelHng in most of our engineering schoob and colleges."— fivitocrr. 
"The pubttsbers have rendered a substantial service to the profession, especially to tl 
yo eng eg OMnDers, by bringing out the present edition of Mr. Simms's useful work. '•^Bngintt rit it, 



AN OUTLINE OP THE METHOD OP CONDUCTING 

A TRIOONOMBTRICAL 5URVBY. 

For the Formation of Geosraphical and Topo^phical Maps and Plans, Mili- 
tary Reconnaissance, LEVELLING, ftc^ with Useful Problems, Formuhe. 
and Tables. By Lieut. -General Fromb, R.E. Fourth Edition, Revised and 
partly Re-written by Midor-General Sir Charles Warren, G.C.M.G., R.E. 
with 19 Plutes and 115 Woodcuts, royal 8vo, cloth .... 16/0 
" No words of praise from us can strengthen the position so well and so steadily maintained 
bf tUs work. Sir Charles Warren has revised the entire work, and made such additions as were 
neoesmy to bdng every portion of the contents up to the present date."— 5r««<^ Arrow. 

TABLE5 OF TANGENTIAL ANQLE5 AND MULTIPLES 
FOR 5BTTINa.OUT CURVES. 

From < to aoo Radius. By A. Bbazblby, M.Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

Unst PuSiisfud. 3/6 
** Each table Is printed on a card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage as regards the rapidity of woric "—^MftfiMrr. 

" Vary handy : a man may know that all his day's work must fall on two of these cards, wliich 
he puts Into his own card<ase, and leaves the rest behind.**— ^/Am«k«m. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Bmbankmenu from 3 inches to 80 feet in Depth or Height, for use with either 
66 feet Chain or 100 feet Chain. By J. H. Watson Buck, M. Inst.CE. 
On a Sheet mounted in cloth case. {Just Publishsd. 3/6 
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EARTHWORK TABLB5. 

Showing the Contents in Cubic Yards of Embankments, Cattings, &&, of 
Hei^Hbts <»- Depths up to an average of 80 feet. By Joseph Broadbbnt, C.BL, 

and FRANas CxMnN, CE. Crown 8vo, cloth 6/0 

** TlM way In wbkh accuracy b attained, by a simple dlvlsioo of each cross sectloa mo thraa 
■Bttmtffti. two in which are constant and one variable, is iagmtions.''—j1tkftuntm. 

A MANUAL ON EARTHWORK. 

By Alkx. J. S. Graham, C.E. With numerous Diagrams. Second Edition. 
i8mo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By I. H. Watson Buck, M. Inst. C.E., 

Resident Engineer, L. 4nd N. W. R. With Folding Plates, Svo, cloth 1 2/0 

" Manv of the methods given are of extreme practical value to the mason, and the obaanra* 

tions on the lorm of arch, the rules for ordering the stone, and the construction of the tt ' ' 

will be found of considerable use. We comntend the book to the engineering 

^ News. 

ViD be regarded by civil engineers as of the utmost value, and calculated to save much 
tfane and obviate many mistakes."— cW/irr?' GMardian. 

CAST ai WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foimdatioos. In 
Three Parts.— Theoretiad, Practical, and Descnpiive. By Wiixiam HtXMBBR, 
A. M. Inst. C.E., and M. Inst. M.E. Third Eidition, revised and much im> 
proved, with 115 Double Plates (30 of which now first appear in this edition), 
and numerous Additions to the Text. In a vols., imp. 4to, half -bound m 

morocco £6 16«. 6o« 

" A venr valuable contribution to the standard literature of civil engineering. In additloa to 
elevations, plans, and sections, large scale details are given, which very much enhance the 
Instructive worth of those illustrations,"— C/mV Ettj^Hfer and Architecfs youmMl. 

"Mr. Humber's stately volumes, lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubm, 
Mr. Hawkshaw, Mr. Page. Mr. Fowler, Mr. Hemans, and others among our most emlaeat 
engineers, are drawn and specified in groat detail."— iTnypt'M^rr. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gborcb 
Watson Buck, M.I. C.E. Fourth Edition, revised bjr his Son, J. H. Watsom 
Buck, M.I. C.E. ; and with the addition of Description to Diasrams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I. CS. 
Royal Svo, cloth 1 2/0 

"The standard text -book for all engineers regarding skew arches is Mr. Buck's I 
1 It would be impossible to consult a \itXtet."—EMfrtn*tr. 

...-_ .» .. . , ^ -indard t ■ 



" Mr. Buck's treatise is recognised as a standard text-book, and hb treatment has divested 
cne subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— i?M^/:^M^ News, 



THE CONSTRUCTION OF OBLIQUE ARCHES 

^A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial Svo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofi&, Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By R. Hudson Graham, C.E. Containing 
Diagrams and Plates to Scale. With numerous Examples, many taken from 
existing Structtires. Specially arranged for Class-work in Colleges and 
Universities. Second Eoition, Revised and Enlarged. Svo, cloth 1 Q/Q 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied, "—^nfiw^^. 

" The work is exceDent from a practical point of view, and has evidently been ptepared 
with much care. The directions for working are simple, and are illustrated by an abundance of 
well-selected examples. It b an excellent text-book for the practical draughtsman."— ^Ooi o wi. 

WEIGHTS OF WROUGHT IRON ^ 5TEEL GIRDER5. 

A Graphic Table for Facilitating the Computation of the Weights of Wrou^t 
Iron and Steel Girders. &c, (at Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. CE. On a Sheet 2/6 
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PRACTICAL GEOMETRY. 

For the Architect, EngiDeer, and Mechanic GiTing Roles for the Delineation 
and Application of Yarious Geometrical Lines, Figures, and Corves. By 

E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

" No book with the same obfocts in Tiew has ever been pubttibed In which the '•'WTntttf of 
the rales laid down and the lilnstrative diagrams have bean ao taXial^ctorf.''Se0ttmmit, 

THE GEOMETRY OF C0MPA55E5. 

Or. Problems Resolved tr^ the mere Description of Circles and the Use of 
Coloured Diagrams and dsrmbols. By Oliver Byrne. Coloured Plates. 
Crown 8vo, cloth 8/0 

HANDY BOOK FOR THE CALCULATION OP 5TRA1N5 

In Girders and Similar Structures and their Strength. Consisting of Formulse 
and Correspondins Diagrams, with numerous details for Practical Applica> 
tion, &c. By William Humber, A. M. Inst. C.E^, &c. Fifth Edition. 
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . . 7/0 

** The fbnnulK are neatlv expreased. and the diagrams good."^^ tktrumm. 

** We heanfly conuneod Urn raaOy kmtubf book to our engineer and architect readara."— 
BmfUth MtdtamU. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses. Breaking 

Weishts, Safe Loads, Scantlings, and Details of Construction. Witn Complete 

Working Drawings. By William Griffiths, Surveyor. 8vo, cloth. 4/0 

**Thto handy Kttle book enters *o minutely faito every detail connected with the con- 

itructioa of roof trusMa that no student need be ignorant of theae manmn.''—Frmctical Engirutr. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Shbilds, M.I.CK. 
8vo, cloth 6/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges. Railways. &c By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added, Experimenu hy Hodgkinson, Fairbairn, and Kirkaldt; and 
FormuUe for calculating Girders, &c Arranged and Edited by Wm. Humber, 

A.M.Inst.CE. 8vo, cloth 18/0 

" Vahuble aHke to the atudent tyr>, and the experienced practitioner, it wiD always rank 

in future as it liaa hitherto dooe. as the standard treatise on that particular subject."— i?fyiN«»r. 

" As a scientific worlc of the first class, it deserves a foremost place on the booLsheives of 

every dvil engineer and practical mechanic."— fMif/iM Mechanic. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De> 
scnption of Modem Appliances and Systems. By Clement E. Stretton, 
C.E., Vice>President and Consulting Engineer, Amalgamated Society of 
Railway Servants. With Illustrations and Colotired Plates. Third Edition. 

Enlarged. Crown 8vo, cloth 8/0 

**A book for the en gin eer, the directors, the niana«rers: and. fai short. aD who wish for 
Infonnatloo on railway matten wili find a perfect ency c lopa ed ia in * Safe Railway Working.' "— 
RmiiwayRevifw. 

** We commend the remarks on railway signalling to all laitway managers, espedaDy wtiece 
Mm code and practice is advocated.**— /nrV^*' JtmiJwmjf y«urH»L 

EXPANSION OF STRUCTURES BY HEAT. 

By John Kbilv, CE., late of the Indian Public Works Department. Crown 

Svoidoth 3/6 

** The akn the author has set before him. viz., to show the effects of heat upon metaffic and 
other stnictures, is a laudable one, for this is a branch of physics upon whfeh the e ngin ee r or 
affcUtect can find but little reMable and comprahenaire data fai hook^.'—Bfiidtr. 
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THE PR0QRE55 OF MODERN ENGINEERING. 

Complete in Four Volumes, imperial 410, half-morocco, price £12 12ft. 

Each volume sold separately, as follows : — 
First Series, Comprising Civil, Afechanical, Marine, Hydraulic, Railway, 
Bridge, and other Engineering Works, &c. By William Humbbr, 
A. M. Inst. C.E.,&c. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of Jo^n Hawlcshaw, C.E., F.R.S., &c, and copious 
descriptive Letterpress, Specifications, &c. Half-morocco . £3 St. 

List op the Plates and Diagrams. 

Victoria Station and Roof, l. b. & s. c. R. (8 plates) ; Southport Pier 
(t plates); victoria station and roof, l. c & d. and g. w. r. (6 plates): roof 

OF CREMORNH Ml'SlC HALL; BRIDGE OVER G. N. RAILWAY; ROOF OF STATION, 
DUTCH RIIRNISH RAIU (7 PLATFS) ; BRIDGE OVER THE THAMES, WEST LONDON 
EXTENSION RAILWAY (5 PLATES); ARMOUR PLATES; SUSPENSION BRIDGE. THAMES 

(4 PLATES); The Allen Engine; Suspension Bridge, Avon (3 plates); Under- 
ground RAILWAY (3 PLATESl. 

HUMBER'S MODERN ENGINEERING. 

Second Series. Imp. 4to, with 3 Double Plates, Photc^raphic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter* 
press, Specifications, &c. Half-morocco £3 3s. 

List of the Plates and Diagrams. 

Birkenhead Docks. Low Water Basin (15 plates) : Charing Cross Station 
Roof, C. C. Railway (3 plates); Digswrll Viaduct. Great Northern Railway; 
RoBBKKY Wood Viaduct, Great Northern Railway; Iron Permanent way; 
Clydach Viaduct, Merthyr, Tredegar, and Abergavenny Railway; Ebbw 
Viaduct, Merthyr, Tredegar, and Abergavenny Railway; College Wood 
Viaduct. Cornwall Railway; Dublin winter Palace Roof (3 plates); Bridge 
OVER THE Thames, l. C. & d. Railway (6 plates); Albert Harbour. Greenock 

(4 PLATES). 

HUMBER'5 MODERN ENGINEERING. 

Third Series. Imp. 4to, with 40 Double Plates, Photo^phic Portrait of 
J. R. M'Clean, late Pres. Inst. C.E., and copious descnptive Letterpress, 
Specifications, &c Half-morocco £3 3ft. 

List of the Plates and Diagrams. 

Main Drainage. Metropolis.— A'i»r«t Sule.— Map showing Interception of 
Sewers; Middle Level Sewer (a plates); outfall Sewer. BRitx;E over River 
Lea (3 PLATES) : Outfall Sewer. Bridge over Marsh Lane, North Woolwich 
Railway, and Bow and Barking Railway Junction ; outfall Sewer, Bridge over 
Bow and Barking Railway (3 plates) ; outfall Sewer, BRitx;E over East London 
Water-works' Feeder (a plates) ; outfall Sewer Reservoir (• plates) ; Outfai-l 
Sewer, TUMBLING Bay and Outlet; Outfall Sewer, Penstocks. Sctuk Side.^ 
outfall Sewer. Bermondsby branch (a plates) ; Outfall Sewer, Reservoir and 

OITTLET (4 plates) ; OUTFALL SEWER, FILTH HOIST ; SECTIONS OF SEWERS NORTH AND 

South Sides). 

THAMES Embankment.— Section of River wall; Steamboat Pier, West- 
minster (a PLATES); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO 
BRIDGES ; YORK GATE (a PLATES) ; OVERFLOW AND OUTLET AT SAVOY STREET SBWRR 
(3 PLATES): STEAMBOAT PlER, WATERLOO BRIDGE <3 PLATES) ; JUNCTION OF SEWERS, 
PLANS AND SECTIONS ; GULLIES. PLANS AND SECTIONS ; ROLLING STOCK ; GRANITB 

AND IRON Forts. 

HUMBER*5 MODERN ENGINEERING. 

Fourth Series. Imp. 4to, with 36 Double Plates, Photoffraphic Portrait of 
John Fowler, late Pres. Inst. CE., and copious descriptive Letterpress, Sped* 
flcations, &c Half-morocco £3 3«. 

List of the Plates and Diagrams. 

ABBEY MlLL^ PUMPING STATION, MAIN DRAINAGE, METROPOUS (4 PLATES) ; 

Barrow Docks (5 plates); Manquis Viaduct, Santiago and Valj»araiso Railway, 
(2 plates) ; adam's locomotive, st. helens canal railway ja plates) ; cannon 
Street station Roof, charing Cross Railway (3 plates); Road Bridge over 
the River moka (a plates) ; Telegraphic Apparatus for Mesopotamia : viaduct 
over the River Wye, Midland Railway (3 plates); St. Germans Viaduct. 
Cornwall Railway (a plates); wroughtIron Cylinder for Diving Bell; 
MiLLWALL Docks (6 plates) ; Milrovs Patent Excavator ; Metropolitan Dis- 
trict Railway (6 plates) ; Harbours. Ports, and Breakwaters (3 plates). 



Digitized by VjOOQIC 



MARINE ENGINEERING, NAVIGATION, ^. 17 



MARINE ENGINEERING, SHIPBUILDING, 
NAVIGATION, &c. 



THE NAVAL ARCHITECTS AND SHIPBUILDER'S 

POCKET-BOOK of FonnalBL Rules, and Tables, and Marine Engineer't and 
Sorvejror's Handy Book of Reference. B^ Clbmbnt Mackrow, M.I.N. A. 
Seventh Edition, 700 pp., with 300 Illustrations. Fcap., leather . . 1 2/6 

Summary op Contbnts :— Signs and Symbols. Decimal Fractions.— Triconq. 
MBTRY.— Practical GboUbtry.— Mensuration.— Cbntrbs and Moments op Figures. 
—Moments of Inertia and Radii op Gyration.— algebraical Expressions for 
Simpson's Rules.- Mechanical principles.— centre op Gravity.— Laws of Motion. 
—Displacement. Centre of Buoyancy.— Centre op Gravity of ships Hull- 
Stability Curves and Metacbntres.— sea and shallow-watbr waves.— Rolling 
op ships.— Propulsion and Resistance of vessels.— Speed Trials.— Sailing, 
Centre op effort. — Distances down Rivers, Coast Lines.— Steering and 
Rudders of vessels.— Launching Calculations and Velocitibs.— Weight of 
Material and Gear.— Gun Particulars and weight.— Standard Gauges.— 
Riveted Joints and rfveting.— .Strength and Tests op Materials.— Binding 
and shearing stresses, jtc. — strength of shafting. pillars, whbbls, &c 
—Hydraulic Data, dec. — Conic Sections, Catenarian Curves. — Mechanical 
Powers, work.— board op Trade Regulations for Boilers and Engines.— Board 
of Trade regulations for Ships.— Lloyd's Rules for boilers.— Lloyd's weight 
of chains.— Lloyds scantlings for Ships.— Data of Engines and vessels.— 
Ships' Fittings and Tests.— Seasoning Preserving Timber.— Measurement op 
Timber.— alloys. Paints. Varnishes.— Data for Stowage.— admiralty Trans- 
port Regulations. — Rules for Horsepower. Screw propellers, dec- Per- 
centages for butt Straps. &c— Particulars op Yachts.— Masting and Rigging 
Vessels.— Distances of Foreign Ports.— Tonnage Tables.— vocabulary op 
French and English Terms. — English weights and Measures. — Foreign 
Weights and measures.- Decimal Equivalents.- Foreign money.- Discount 
and Wages Tables.— useful Numbers and Ready Reckoners.— Tables op 
Circular Measures.— Tables of areas of and Circumferences of Circles.— 
Tables op areas op Segments of Circles.— Tables of squares and Cubes and 
Roots of numbers.— Tables op Logarithms op Numbers.— Tables of Hypbr> 
bolic Logarithms.— Tables op Natural Sines. Tangents. &c— Tables of 
Logarithmic Sines, Tangents, Sk. 

" In these davs of advancml knowledge a work like tbb Is of the ttieat e t ralue. It contains 
a Tast amount of intonnatlon. We unhesitatm^y sajr tliat it is the most valuable compilation for its 
specific purpose that has erer twen printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, can afford to be without this work."— A'isuMctt/ Magasint. 

" Should be used by all who are engaged in the constnictioo or desim of vessels. . . . Will 
be found to contain the most useful tables and formulae required by shipbuilaers. careftiUy collected 
from the best authorities, and put together in a popular and simple form. The book Is one of 
exceptional merit"- £M^'M«rr. 

" The professional shipbuilder has now. In a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work."— /rw*. 

" There is no doubt that a pocket-boolc of this description must be a necessity in the ship- 
building trade. . . The volume contains a mass of useful information clearly expressed and 
presented in a handy form."- ifeniiM Enginetr. 

WANNAN'5 MARINE ENOINEER'5 GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
Elementary and Verbal Questions and Answers *, complete Set of Drawings 
with Sutemenu completed. By A. C Wannan, CB., and E. W. I. Wannan, 
M.I.M.E. Illustrated with ntunerous Engravings. Crown 8vo, 370 pp., 

doth d/6 

" The book is clearly and plainly written and avoids unnecessary explanations and formulas, 
and we consider it a valuable book for students of marine engineering. —AkiMAca/ MagaMine, 

WANNAN'S MARINE ENQINEER'5 POCKET-BOOK. 

Containing the Latest Board of Trade Rules and Data for Marine Engineers. 
By A. C Wannan. Second Edition, carefully Revised. Square i8mo, with 

thumb Index, leather 6/0 

" There is a ^freat deal of useful information in this little pocket-book. It is of the ruleK>f* 

thumb order, and ts. on that account, well adApted to the uses of the sea-going engineer."- 

Enginter. 
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" This Tolume wfll be hlglily appradated bjr aeMnen, Migteeen. piloo. shlpbiiiUUn and ship- 

rs. It will be found woodeffulnr accurate and compte te . —Sc»tsmmtu 

" A vety useful dktioaary. which has kmff been warned hf French and EnsUih 



MARINE BNQINE5 AND STEAM VE55EL5. 

A Treatise on. By Robbkt Murkay, C.E. Eighth Edition, thorooghly 
Revised, with coosidenble Additions by the Author and by Gborgs 
Cakuslb, CE., Senior Sorveiror to the Board of Trade, zamo, doth . 4/6 

5EA TERMS, PHRA5E5, AND W0RD5 

^Technical Dictionary of) used in the SngUsh and French Langoaces 
iEnglish>French^ French>Englishi For the Use of Seamen, Engineers, Filocs, 
Shipbuilders, Shipowners, and Ship>brokers. Compiled by W. Pimub, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . 0/O 

(predated bjr seamen, engineers, pilocs, 
r accurate and complete. —Sc»tsmmtu 

, ch has k * - • - 

masters, oflkers and others."— 5At>t^>v IfW 

ELECTRIC 5HIP-L1QHTINQ. 

A Handbook on the Practical Fitting and Runningof Ships' Electrical Plant, 
for the Use of Shipowners and Builders, Marine Electricians and Sea-^oing 
Engineers in Charge. By I. W. Urquhart, Author of "Electric Light,^' 
" Dynamo Construction. &c. Second Edition, Revised and Extended. 
336 pp., with 88 Illustrations. Crown 8to, cloth. [J tut Published. 7/6 

MARINE ENOINEER'5 POCKET-BOOK. 

Consisting of useful Tables and Formulas. By Frank Proctor, A.I.N.A. 

Third Edition. Royal 32mo, leather, gilt edges, with strap . . . 4/0 
" We recommend it to our readers as going f»t to supphr a long-felt want."— 7\^««e/ ScUmcu 
" A most useful companion to all marine engineers."— £^^lft/ Servia GamttU. 

ELEMENTARY ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals^ Alloys, Strength of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c., &c With 
an Appendix of Useful Tables. By J. S. Brbwbr. Crown 8vo, cloth . 1 /6 
" Contains much valuable information for the class for whom h is intended, especiafly in the 
chapters on the management of boilers and engines."— A'isMitbw/ M€igaMint, 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sea-Book, bv Jambs Greenwood and W. H. 
RossBR ; together with the exquisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated. lamo, strongly half-bound 7/0 

THE ART AND SCIENCE OF 5AILMAKINQ. 

Bv Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and Go^)ort. With Plates and 
other Illustrations. Small 410, doth 12/6 

" This extremely practical work gives a complete education in all the branches of the manu. 
lecture, cutting out. roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book and vmCm,— Portsmouth limts. 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chai n s, 
Chain Cable and Chain Making, Forming and Welding Links^ Strength of 
Cables and Chains, Certificates for Cables, Markinz Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables. &c, &c. Bt 
Thomas W. Traill, F.E.R.N., M.Inst.CE., Engineer-Surveyor-in-Chief, 
Board of Trade, Inq>ector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Llojrd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth, bevelled boards £2 2«. 

"It contains a vast amount of valuable iafocmatlon. Nothing seems to be wanting to make it 
a complete and standard work of r e f e r e nc e on the subject.''— iMnttfoi/ Magmmim, 
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MINING, MBTALLURGY, AND 
COLLIERY WORKING. 



THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment of Gold>bearing Ores. 
Includiiu[ the Assayine, Melting, and Refining of Gold. By M. Eisslkr, 
Mining Engineer, A.I.M.E., Member of the Institute of Mining and Metal* 
lurgy. Author of " Modem High Explosives," ** The Metallurgy of Silver," 
&C., &C. Fifth Exiition, Enlarged and Re-arranged. With over 300 illustra- 
tions and numerous Folding Pbues. Medium Svo, cloth. 

lju$t Publishsd. AV/21/0 
" This buokthorouKhhrdeMrrwhs title of a* Practical Treattoe.' The whole ptoceia of sold 
miOliifl:, from the breakiiiff of the quarts to the aasajr of the bullion, b described in clear and oraerljr 
namnve and with much, out not too much, ftilneat of deudlL''-~SatMrday Rtvitw. 

" The work is a storehouse of infionnation and raluable data, and we ttrongly recommend it 
to an protetrional man engaged in the gold-mining industry."— J/ito<N;r yourmoL 

THE CYANIDE PR0CE55 OP GOLD EXTRACTION. 

Including its Practical Application on the Witwatersrand Gold Fields in South 
Africa. By M. Eisslbr, M.E., Author of "The Metallurgy of Gold," &c. 
With Diagrams and Wonting Drawings. Second Edition, Revised and En* 

Urged. Svo, cloth 7/6 

" This book is Just wtiat was needed to acouaint mining men with the actual worldng of a 
ptocass whkh is not only the nrost popular, but M. as a genwal rule, the most succesAil for the 
extraction of gokl from tamngs."— JV^m^ nhurttML 

" The work win prove mvaluable to au interested in gold mining, whether metallurgists or as 
invastots.''~CA«iM^di/ Ntms. 

DIAMOND DRILLING FOR GOLD ^ OTHER MINERALS. 

A Practical Handbook on the Use of Modem Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Dennt, M.N.E^ Inst. M.E., 
M.I.M. and M. Author of "The Klerksdorp GoKlfields." Medium Svo, 
168 pp., with Illustrative Diagrams. [Just Puhlisfud, 12/6 

" There is certainly scope for a work on di unond drilling, and Mr. Denny deserres grateful 
recognition for supplying a decided want. We strongly recommend every Iward of directors to 
eareniUy peruseithe pages treating of the applical)Ulty of diamond drilling to auriferous deposits, and, 
under certain conditions, its advantages over shaft sinldng for systematic prospecting, both from tlie 
surface and underground. Tlie author has given us a valuable volume of eminentfy practical dau 
that should be in the possession of those interested in mining."— Af/Mi>iyf7'#N«rf(a/. 

" Mr. Denny's handbook is the first Enelish work to give a detailed account of the use of 
modem diamond core-drills in searching for mineral deposits. The work contains much information 
of a practical character, including particulars of the cost of apparatus and of working. "—iVa/Mrv. 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Msrkitt, 
M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other 
Illustrations. Fcap. Svo, leather. [Just Publtskcd. Net 6/0 

" As an faistructor of prospectors* classes Mr. Merritt has the advantage of knowing 
exactly the information likely to be most valuable to the miner in the field. The contents cover 
aO the details of sampling and testing gold and silver ores. The work will be a u^ul addition to a 



prospector's kit.**— ;wiwik^ yoMrnal. 

" It gives the gist oftbe author's experience as a teacher of prospeci 
no proqiector could use habitually without finding it pan out well. — sS^ro^Mian. 



" It gives the gist oftbe author's experience as a teacher of prospectors, and is a book which 



THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 
Valuable Minerals. By I. W. Anderson. M.A. (Camb.X F.R.G.S., Author 
of '* Fiii and New Caledonia.** Eighth Edition, thoroughly Revised and 
much Enlarged. Small crown Svo, cloth, 8/6 ; or, leather, pocket-book form, 
with tuck. \Juit Publishsd. 4/6 

** vnn tappkf a much-fslt want, cspedaOv among Colonists, in whose way are so often thrown 
many arfneralogical spectmens the value of which it is difficult to determine."— £>v>JM«r. 

"How to find co mmerci al minerals, and how to identUy them when they are found, are the 
liiilliig potaus to which att en tfcw is d ir ected. The anther has managed to pack as much practical 
detail mo his pages as woukl supply material for a book three times us sIsb. — JAMMif 7»umai. 
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THE METALLURGY OF SILVER. 

A Practical Treatise on the Amal^ 
Ores. Including the Assar 

M. ElSSLBR. Author of ^'«u« w<^««h.u.»j wm wv.«., a.v. xuuu «>uiuvH. 

Crown 8vo, doth 10/6 

" A practical treadse. and a technical work which we are coartnced will snpplj a looff-fek 
want amoagst practical men, and at the same time be of Talue to students and oumis Indiiectly 
connected with the industries. "—J/tM^nyr youmai. 

" From iirst to last the book b thoroughly sound and r^able."— C^AVr^y CumnksH. 

" For chemists, practical miners, aasayers, and investon alike we do not know of any work 
on the subject so bandy and yet so comprehensive.'*— <;/ei;cvw Htrutd. 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on varioiu Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLKR, M.E., Author of " The Metallurgy of Gold," &c. Crown 8vo, 
400 pp., with 183 Illustrations, cloth 12/6 

" The numerous metallurgical processes, which are fully and extenslTdy treated ofl embrace 
an the stages experienced In the passage of the lead from the various natural states to its issue from 
the refinery as an article of commerce. —Practical Engi$tt*r, 

"Tlie present Tcduroe fully maintains the reputation of the anthor. Ttaoee who wish to obtain 
a thorough insight into the present state of this industry cannot do better than reed this vokme, and 
all mining engineers cannot iul to find many usafiil hints and saggesdoes in it." indntUUi, 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davibs, F.G.S., Mining Engineer. Sixth Edition, thoroughly 
Revised and much Enlarged by his Son, E. Hbnry Davibs, M.E., F.G.S. 
600 pp., with 173 Illustrations. Large crown 8vo, cloth 

[Just Published. Ne/ 12/6 
" Neither the practical miner nor the general reader, inte r es t ed in mines, can have a better 
book for his companion and lUs guide."— jl/fMiM^ youmal. 

" We are doing our readers a serrice in calling their attention to this valuable work."— 
Miminf World. 

''At a history of the present state of mining throughout the world this book has a real value, 
and it supplies an actual want."— jltfutuntm. 

MACHINERY FOR METALLIFEROUS M1NE5. 

A Practical Treatise for Mining Ennneers, Metallurgists, and Managers of 
Mines. Bv E. Henry Davibs, M.E., F.G.S. Crown 8vo, 580 pp., with 
upwards of 300 Illtistrations, cloth. ....... 1 2/6 

" Mr. Davies. in this handsome volume, has done the advanced student and the manager of 
mlnesgood service. Almost every kind of machinery in actual use Is catefiilly described, and the 
woodcuts and plates are good.'—AtMtnaum. 

" From cover to cover the work exhibits all the same characteristics which excite the confi- 
dence and attract the attention of the student as he peruses the first page. The work may safely 
be recommended. By its publication the literature connected with toe industry will be cairiched 
and the reputation of us author enhanced."— i/(M<M!f ycurnal 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C Davibs, F.G.S., Author of ** Metalliferous Minerals," &c Third 
Edition, Revised and Enlarged by his Son, E. Hbnry Davibs, M.E., F.G.S. 

With abotu 100 Illustrations. Crown 8vo, doth 1 2/6 

" We do not remember to have met with any English work on mininff matters that contams 
the same amount of information packed in equally conveniem form."— ^coom^. 

** We should be inclined to rank it as among the verv best of the handy technical and trades 
manuals which have recently appeared."— BritisXQuar/crfy Heview. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 

Prospects of Metalliferous Mines in the United Kingdom. By Robbrt 

Hunt, F.R.S., late Keeper of Mining Records. Upwards of 050 pp., with 

330 Illustrations. Second Edition, Revised. Super>royal 8vo, cloth £2 2a. 

" The book is a treasure-house of sta t istical taiformation on mintnff subjects, and we know of 

no other work embodying so great a mass of matter of this kind. Were this the only merit of 

Mr. Hunt's volume it would be sufficient to render it indbpensable in the Ubraiv of every one 

Interested in the development of the mining and metallurgical industries of this country."— 
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POCKBT-BOOK FOR MINBR5 AND MBTALLURQI5T5. 

Comprising Rules, FormuUe, Tables, and Notes for Use in Field and Oflice 

Work. By F. Danvbrs Power, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather. [Just Published. giQ 

" This excellent book Is an ndmirable example of its kind, and ou^ht to find a large sale 

amooifst English-speaking prospectors and mining engineiTs "—EHgitutrtng. 

THE MINBR'5 HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Minins 
Operations, Ore Dressing, he For the Use of Students and others interestea 
in Muiing Matters. By John Milne, F.R.S., Professor of Mining in the 
Imperial University or Japan. Revised Edition. Fcap. 8vo, leather . 7/S 
" Professor Milne's handbook is sure to be received with favour by all connected with 
mining, and will be extremely popular among students. '—Athtnaufn, 

THE IRON 0RB5 of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 1 6/0 

" The author has a thorough practical knoidedge of hb subject, and has supplemented a 
careful study of the avaUablo literature by unpubUshei information derived from Itis own observa* 
tions. The rewlt is a very usefiil volume, wfakh cann'H fall to be of value to all interaeted in the 
iron industry of the cowntry. "—tHdustrUs. 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. Bv Stephen Michell. Second Edition, Re-writlen 
and Enlarged, 390 pp. with about 350 Illustrations. Royal 8vo, cloth. 

\ Just Published. Net 26/0 

St7MMARY OF CONTHNTS :— HORIZONTAL PUMPING E>i(; I NHS.— ROTARY AND NON- 
ROTARY Horizontal Engines.— Simple and Compound stkam Pumps.— Vertical 
PUMPiNc; ENt;iNEs.— Rotary and Non-Rotary Vertical F.nginrs.— Simple and 
Compound Steam Pumps.— Triple Expansion Steam Pumps.— Pulsating Steam 
Pumps,— Pump Valves.— Sinkim; Pumps, Ac. *c. 

•• This volume contains an immense amount of important and interesting new matter. 
The book should undouUe^ily prove of preat use to all who wish for information on the sub- 
ject, inasmuch as the ditferrnt patterns of ^tc.im puinp^ .ire not alone lucidly described and 
clearly illustrated, but in addition numerous tables arc supplicl. in wtiirh their saxs. capacity, 
price. Ac, are set fonli, hence facilitating imroenv^ly the rational liclcction of a pump to suit 
any purpose that the reader may desire, or, on the other hand, supplying him with useful 
Intormatlon about any of the pumps that come within the scope of the volume.'— THt EHpinter. 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-oat and Workins of Collieries. 
Designed as a Book of Reference for Colliery Managers, and for me Use of Coal 
Mining Students preparing f<»- First-class Certificates. By Caleb Pamelv, 
Mining Engineer and Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. ^ With 700 Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised azid Enlarged, meditun 8vo, over 000 pp. 
Strongly botmd £1 o«. 

Summary op Contents :—Gbology.— Search for Coai>— Mineral Leases 
and other Holdings,— shaft Sinking.— Fitting Up the Shaft and Surface 
ARRANGBMBNTs.— Steam Boilers and their Fittings.— Timbering and Walling.— 
Narrow Work and Methods op Working. — Underground Conveyance. — 
Drainage.— THE Gasrs met with in Mines: Ventilation.— on the Friction op 
AIR IN MINES,— The prirstman Oil En(;ine; Petroleum and .Natural Gas.— 
Surveying and planning.— Safety Lamps and Firedamp Dbteciors.— sundry 
AND Incidental operations and appliances.— Colliery Expuwions.— Miscel- 

IJ^NEOUS questions and ANSWERS.— ^//m«<ur.- SUMMARY OF REPORT OP H.M. 

Commissioners on accidents in Mines. 

" Mr. Paroely has fu>t only ghren us a comprehenshre refetence book of a very high order, 
suluble to the requirements of mming engineers and coUiery managers, but has also provided 
mining students with a class-book that Is as mteresting as it is instructive."— CoZ/^rtp^ Managtr. 

" Mr. Pamely'* work is eminently suited to the purpose for which it is intended, being dear. 
Inter e stin g, exhatative. rkh in detail, and up to date, giving descriptions of the latest machines in 
every department. A mining engineer could scarcely go wrong who followed this work."— C#M«f7 
GuartUaiu 

"This is the most complete 'aD-roand' work on coal-mining pubHshed In the English 
language. ... No Ubraiy of coal-mlnlng books Is complete without k."— CMNrry EnftmMr 
(Scnntoa. Pa.. U.S.A.;. 
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COLLIERY WORKING AND MANAGEMENT. 

Comprising th« Duties of a Colliery Manager, the Oirersaght and Arrange- 
ment of Labour and Wages, and the different Systems of Working C^ 
Seams. By H. F. Bulman and R. A. S. Rbdmavnk. 3o» pp., with 
a8 Plates and other Illustrations, including Underground Photographs. 
Medium 8vo, doth. [Just PubUsfud. 16/0 

"This b. indeed, an sdmlrable Handbook for Comenr Managen, in bet it is an indispensable 
a<IUunct to a Colliery Manager's education, as well as bmng a most uaeful and Interestmg work 
on the subject for all who in any way tiave to do with coal mining. The underKroond photographs 
are an attractire feature of the woric. being very Ulelike and neceMarlly true reprewniationi of the 
scenes they depict. "—C^Z/^rry Gumrdtan. 
1 Mr. r * 



' Mr. Bulman and Mr. Redmayne, wIm are bodi experienced CoUiery Managen of great 
/ a|}ility, are to be congratulated on having suppHed an ai|thoritative work dealing with a side 
of the subject of coal mining which has hitherto received but scant treatment. The authors 



elucidate their text by tra woodcuts and 98 plates, most <^the latter b<^ig admirable reproductloos 
of fAotoffraphs taken underground with the aid of the magneaium flash-ugtit. These uhistratioos 

are excellent."— yVcsfMrv. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smyth. F.R.S., Chief Inspector of the 
Mines of the Crown. Eighth Edition, Revised and Extended by T. Forstbs 
Brown, Mining Engineer, Chief Inspector of the Mines of the Crown and 
of the Duchy of Cornwall. Crown 8vo. cloth. [Just Pubiisked. 3/6 

" As an outUne is given of evenr Icnown coal-field to thb and other countries, as wdl as m the 

principal methods of woridng, the Sook will doubtless tatereat a very large number of readefS."— 

Mining yournml. 

NOTES AND FORMULiC FOR MINING 5TUDENT5. 

By ToHN HsRMAN Mbkivalb, M.A., Late Professor of Mining in the Durham 

College of Science, Newcastle-upon-Tyne. Fourth Exlition, Revised and 

Enlarged. By H. F. Bulman, A. M.Inst. C.E. Small crown 8vo, cloth. 2/6 

" The author has done his work in a creditaUe manner, and has produced a book that wS 

be of service to students and those who are practically engaged in minmg operations.**— ^»y tf i xw . 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

CThe Detecticm and Measurement of). By Frank Clowbs, D.Sc, Lond., 
F.I.C., Prof, of Chemistry m the University College, Nottingham. With a 
Chapter on Thb Dbtbction and Mbasurkmbnt of Pbtrolbum Vapour 
by BovBRTON Rbdwood, F.R.S.E., Consulting Adviser to the Corporation 
of London under the Petn^eum Acts. Crown 8vo. cloth. Js§t BIO 

" Professor Clowes has given us a volume on a subject of much industrial importance . . . 
Thoee interested in these matters may be recommended to study this book, which is easy of compre- 
hension and contains many good things."— TA/ Enginttr. 

" A book that no mining engineer— certainly no coal miner— can afford to ignore or to leave 
unread."— i/iM^MT ytumai, 

COAL ai IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Prindpal Seams of 
Coal^ with Returns of their Produce and its Distribution, and Analvses of 
Speaal Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Mbadb. 8vo, cloth . . £1 8a. 
"Oithis book we may unreservedly say that it Is the best of its class which we have ever 

met. ... A book of reference which no one engaged in the iron or coal trades should omit from 

bis library."— /rvM and Coai Tradu Jtepirm. 

ASBESTOS AND ASBESTIC. 

Their Properties. Occurrence, and Use. By Robbrt H. Jonbs, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth. 

[Just Publishsd, 16/0 
" An interesting and invaluable woiA.''~^0Uiery Guardian, 

GRANITES AND OUR GRANITE INDUSTRIES. 

By Gborgb F. Harris. F.G.S., Membre de la Soci<t6 Beige de G^ologie, 
Lecturer on Exronomic Geology at the Birkbeck Institution, &c. With Illuf • 

trations. Crown 8vo, cloth 2/6 

" a deaity and weO-wikten manual for persons engaged or Intaratted lathe granite Indnstvy." 
Scotsman, 

TRAVERSE TABLES. 

For use in Mine Stirveying. By W. Limtbrn, Mining Engineer. Crown 
8vo, cloth. [jHSt Puilis/ud, Net S/O 
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SUBMARINE TBLEQRAPH5. 

Their History, Construction, and Working. Pounded in part on WOnschbn* 
DORPP's " Traits deXd^graphie Sous<Marine," and Compiled from Authoriia* 
tive and Exclusive Sources. By Chaklxs Bright, F.R.S.E. Super-royal 
8vo, about 780 pp., fuMy Illustrated, including Maps and Folding Plates. 

i/usi Puhliihtd, Ntt £3 a«. 

" There are few. If any, persoos more fitted to write a treatise on submarine telegraphy than 

Mr. Cbaries Brigffat The author has done hb work admirably, and has written in a way which wiD 

appeal as much to the layman as to the engineer. This admirable Tolume must, for many years to 

come, hold the position of the English classic on submarine telegraphy. ".-iFM;^M/<r. 

" This book is full of informatkMi. It makes a book of reference which should be in every 
tor's library. "—Ao^fv. 

" Mr. Brighf s interestiiu;1y written aad admirably Dinstnted book will meet with a wel co me 
reception from cable mm."— Electrician. 

" The author deals with his subject from all points o4 view— political and strategical as wcO as 
sdenti^. The work will be of interest, not only to men oi sdeoce, but to the general pubttc We 
can strongly recommend it.'—Aekerufum, 

" The work contains a great store of technical Information concerning the making and work> 
of submarine telegraphs. In bringing togetlier the most valuable results relating to the evolu* 
tion of the telegraph, the author has rendered a service that will be very widely appreciated.'*'— 
UcrmiM£ Post. 

DYNAMO ELECTRIC MACHINERY. 

Itt Construction, Design, and Operation (Direct Current Machines). By 
Samuel Sheldon, A.M., Ph.D., assisted by H. Mason, B.S. Second 
Edition, Revised. Large crown 8vo, cloth. With aoa illustrations. 

[Just Puiiisfud. Net 10/e 

THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Modem Rul««, Fonnule, Tables, and Data. By H. R. Kbmpb, 
M.Inst.E.E., A.M.Inst.CE.. Technical Officer Postal Telegraphs. Author of 
*'A Handbook of Electrical Testing," "The Engineer's Year- Book," &c 
S«x>nd Edition, thoroughly Revised, with Additions. With numerotu Illus- 

trationv Royal 3amo, oblong, leathcar 6/0 

*' It b the best book of Its \(iDA.''—Et4cincml Engitutr. 

" The Electrical Engineer's Pocket-Book Is a good oom."—SUeirieUm, 

" Strongly recommended to those engaged In the ele ctr i ca l Industries.'*— f^K^rtfoe/ lUvUw. 

ELECTRIC LIGHT FITTING. 

A Handbook for Working Electrical Engiiteen, embodying Practical Notes on 

Installation Management. By J. W. Urquhart, Electrician, Author of 

"Electric Light, &c. Wiui numerous Illustratioos. Third Edition, 

Revised, with Additions. Crown 8vo, doth. {Just Publisiud. 6/0 

** This vohmie deab with what may be termed the mechanics of electric Ughting, and Is 

addressed to men who are already engaged in the work, or are training for it. The work travetses 

agreet deal of ground, and may be read as a sequel to the same author's usaAil work on * Electslc 

iSibt.' "—EUctrUimn. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhakt, CE. Sixth Edition, Revised, with Additions and 145 
Illustrations. Crown 8vo, cloth. [Just Publisfud. 7/6 

" The whole ground of electric lighting Is awte or leas covered and explained In a very dear 

and concise manner. "—J?i:rcrr<ca/J?«vtfrw. 

" A tmHt m§ntm of the saBent ficts connected with the science of dectik Ughting.''— 
SUetricimft. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Coostructors and Elecuicians- 
in-Chtfge. Embracing Framework BuUding, Field Magnet and Armature 
Winduag and Grouping, Compounding, &c By J. W. ITkquhakt. Second 

Edition, Enlarged. Crown 8vo, doth 7/6 

•* Mr. Urqnhaft's book Is the first ooewhteh deab witfa these matten fai such a way that ^ 
saglaeering student can understand them. The book is very readable, and the author leads his 
leaden np to dUkult sntj)ects by reasonably simple tests."— £»M^iw<»r<»y Rtvitw. 
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THE MANAQEMENT OF DYNAM05. 

A Handy Book of Theonr and Practice for the Use of Mechanics, Engineers 
Stodenti. and others in Charge of Dynamos. By G. W. Lummis-Patbkson. 
Second Edition, thoroughly Revised and Enlargc^i. With numerous Illustra- 
tions. Crown 8vo, cloth. [/i«/ Published. 4/6 
" An example which deserves to be taken as a model by other authors. The subject Is treated 
In a manner which any intelligent man who is fit to be entrusted with charge of an engine should 
be able to understand. It is a useAil book to all who make, tend, or employ electric machinery. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopedia of Words and Terms Used in the Practice of Electrical 
Engineering. By T. O'Conor Sloank, A.M., Ph.D. Second Edition, 
with Appendix to date. Crown 8vo, 680 pp., loo Illustrations, cloth. 

[/ust Fublislud. 7/6 
" The work has many attracthre features in it, and Is, beyond doubt, a weU put together and 
useful publication. The amount of ground covered may be gatbetod fnm the fact that In the index 
about 5.600 refierences will be found, —f/ccfirto/ Review. 

ELECTRIC 5HIP-LIQHTINQ. 

A Handbook on the Practical Fitting; and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By J. W. Urquhart, C.E. Second Edition, Revised 
and Extended. 326 pp., with 88 Illustrations, Crown 8vo, cloth. 

U^t Published. 7/6 
"The subject of ship dectrk Hghting Is one of vast Importance, and Mr. Urquhart Is to be 
highly complimented for placing such a raluable work at the service of marine electricians. "—7^ 
Stemmsh^, 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erecdcm and Running of Small Installations, 

with Particulars of the Cost of Plant and Working. By J. H. Knight. 

Third Edition, Revised. Crown 8vo, wrapper. [/m^ Publishtd. 1 /O 

" The book contains excellent advice and many practical hints for the help of those irtio wish 

to light their own houses."— A^itf^v JV€ws. 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLE50F). 

By Alan A. Campbell Swinton, M.InstCE., M.Inst.E.E. Fourth Edition, 
Revised. With x6 Illustrations. Crown 8vo, cloth. [Just Published. 1/6 
" Any one who desires a short and thoroughly dear exposition of the e le me n tary principles of 
electric lighting cannot do better than read this Uttle work."— 5nM^im/ Observer. 

DYNAMIC ELECTRICITY AND MAGNETISM. 

Bv Philip Atkinson, A.M., Ph.D.j Author of "Elemenu of Static 
Electricity," ftc. Crown 8vo, 4x7 pp., with zao Illustrations, cloth . 10/6 

POWER TRANSMITTED BY ELECTRICITY 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. With 96 Illustrations. Crown 8vo, cloth 7/6 

HOW TO MAKE A DYNAMO, 

A Practical Treatise for Amateurs. Containing numerous Illustrations and 
Detailed Instructions for Constructing a Small Dynamo to Produce the 
Electric Light. By Aljiuco Ckofts. Sixth Edition, Revised and Enlarged 
Crown 8vo, cloth. [Just Publishtd. 2/0 

" The instructions given in this unpretentious little book are suAdendT dear and explicit to 

enable any amateur mechanic possessed of arerage skill and the usual tools to be found in an 

amateur's workshop to buHd a practical dynamo m»cMnt."—EieariciMn. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. Cheaper Edition. 650 pp., with 470 Illustradona. 
Crown Svo, cloth 0/0 
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PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Scodenu Preparing for Examinations, and a Book of 

Reference for Persons Engaged in Building. By John Parnbll Allkk, 

Surveyor, Lecturer on Building Construction at the Durham College of 

Science, Newcastle-on-Tyne. Third Edition, Revised and Enmnd- 

Medium 8vo, 450 pp., with 1,000 Illustrations, cloth. [Jusi Publishsd. 7/6 

" The roost complete expodtloa of building constructkm we have teen. It contains all that if 

necessary to prepare students for the Tsrious examinations in building construction."— Am<:^Mjv 

NnM. 

" The author depends nearly as much on his diagrams as an his type. The pages suggest 
the hand of a man of experience in building operations— and the volume must be a Messing to 
many teachen as wdl as to students."— 7^ ArchiUcU 

" The worlc Is sure to prove a formidable rival to great and small competit o rs aHke. and 
bids foir to take a permanent place as a fiivourice student's text-book. The large number of Illus- 
trations deserve particular mention fur the great merit they poiseet for purposes of reference in 
exactly corresponding to convenient scales."— 7#Mr»M/V'<^ R9yiInstU»ti» ^BriHxh ArckiUOs 

PRACTICAL MA50NRY. 

A Gtiide to the Art of Stone Catting. Comprising the Construction, Setting 
Out, and Working of Stairs, Circtilar Work, Arches, Niches. Domes, Penden> 
lives, Vaults, Tracery Windows, &c, &c For the Use of Studenu, Masons, 
and other Workmen. By William K. Purchasb, Building Inspector to the 
Borough of Hove. Third Edition, with Glossary of Terms. Royal 8vo, 143 pp., 
with 5a Lithographic Plates, comprising oeuiy 400 separate Diagrams, 
doch. [Just Puhlisfud. 7/6 



"Mr. Purchase's 'Practical Masonrv' will undoubtedly be found useftil to aD interested in 
iportant subject, whether theoretkauy or practlcaUy. Most of the examples given are fro 
actual work carried out. the diagrams bdng carefully drawn. The book is a practkai treatlae < 



foreman mason on matv large andlmportant buOdlngs prior to the attainment of his present 
position. It should be found of general utility to architectural students and others, as well as to 
those to whom it is specially addressed."— y^wmo/ ^th* Ktiymi JtutittUe o/BriHxh ArckiUOs. 

MODBRN PLUMBING, 5TBAM AND HOT WATER 

HEATING. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. ). Lawi-er, Author of " American Sanitary Plumbing," 
&c. With 384 Illustrations .nnd Folding Plates. 4to, cloth. 

\Just Publishtd, Net 21/- 

HEATINQ BY HOT WATER. 

With Information and Suggestions on the best Methods of Heating Public, 
Private and Horticultural Buildings. By Waltbk Jonbs. Second Edition. 

With 96 Illustrations, crown 8vo, cloth Utii 2/6 

** We confidently recommend all Interested in heating by hot water to secure a copy of this 
vahiabis ttttle trearise.^— 7%« Plumbtr mnd Dtcormttr. 

CONCRETE: IT5 NATURE AND U5E5. 

A Book for Architects, Builders. Contractors, and Clerks of Works. By 
George L. Sutclippb, A.R.I.B.A. 350 pp., with numerous Illustrations. 

Crown 8vo, doch 7/6 

" The author treats a difficult subtfect in a ludd maimer. The manual fills a loog-felt gap. 
It Is careftal and exhaustive } equally useful as a student's guide and an archlteO^ book of 
ntntvoK/tr—Joumml oftk* JfMyllnstUuit ^f British Arthittcts. 

" There is room for this new book, which wlllprobably be for sone time the standard work 
00 the subject for a builder's purpose."— <;/kvvw Htrmid, 

LOCICWOOD'5 BUILDER'5 PRICE BOOK for 1901. 

A Comprehensive Handbook of the Latest Prices and Dau for Builders. 
Architects, Engineers, and Contractors. Re<onstructed, Re-written, aiKl 
Greatly Enlargeid. By FxANas T. W. Mimut. 800 closely-printed pages, 

crown 8to, doth 4/0 

" This book is a rerr useftil one, and shouki find a place in every English office connected 
with the boOdlng and engmeering professions."— /MdlMfimfw. 
" An exceOont book of reference."— ^fvMleA 

"In Its new and revised form this Price Book is what a work of this kind sbookl be compes 
haoalve. Nliable, w«0 arranged, legible, and w«0 bound SHHsh ArckUiei, 
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THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambers, F.R.S. With Portrait, lUostratioiu, Notes, and 
an Examination op GiutaAN Architbctukk, by Jossra Gwilt, F.S.A. 
ReviMd and Edited by W. H. Lbkds. 66 Plates, 4to, doth . 21/0 

TtlE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A.. Author of '^ The Saence of Buildmg," &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth 7/6 
" The book is a very useful and hdpftil manual of architectural mechanics."— .5M^'<£rr. 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles. With 
Outline Spediications and Estimates. By C Wickbs, Architect. 61 Plates, 

4to, half-morocco, gilt edges £1 lit, Oo. 

"The whole of the designs bear evidence of their bdns the work of an aitistk architect, and 
they will prove veiy valuable and suggestive."— Am^ZA^v VV««v. 

THE ARCHITECT'S GUIDE. 

Being a Text-book of Useful Informatimi for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works. &&, &c. By Frkdbrick Rogers, Architect. 
Third Edition. Crown 8vo, cloth 8/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Larfte 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Second Edition, Enlarged. 8vo, boards .... 8/6 

" It is the most intelligible of the treatises on thb ill-treated subject tiuU I have met with."— 

E. INCRBSS BELL, ESQ.. In the R.LB.A. JoHmoL 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By Gborcb 
Pynb. 14 Plates, 410, boards . . 7/6 

MEASURING AND VALUING ARTIFICER'S WORK 

8 "he Student's Guide to the Practice oO> Containing Directions for taking 
imensions. Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valtiation of LAbotu, and for the Calctilation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn. M.A. Seventh Edition, Revised. With 8 Plates and 
63 Woodcuts. Crown 8vo, cloth. [Just Publufud. 7/6 

" This edition will be found the most complete treatise on the prindptas of measuring and 
valuing artificer's worlc that has yet been published."— ^fl«^/Ji<M^ News. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications f<n: Houses, Roads, 
and Drains, and an l£asf Method of Estimating the puts of a Building 
collectively. By A. C. Bbaton. Ninth Edition. Waistcoat-pocket sixe, 

gilt edges 1/6 

" No builder, architect, sunreyor. or vahier sbookl be without his ' Beaton.' "--Bwitdine Ntws. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Building Upon the Basis of the 
Work by Alprbd Barthoi^mew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Third Edition, Revised. Svo, 

cloth 16/0 

" The worlc Is too well known to need any re c o mm endation from as. It Is one ol the books 
with wtiich every jroung architect must be equipped."— ^rcAASceC 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair? A Price Book or Un- 

ofessional People as well as the Architectural Surveyor and Builder. By 

D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition, 

Carefully Revised. Crown 8vo, cloth. [Just PMblisfud, Net 3/6 

"In two years it will repay its cost a hundred times over."— Field. 
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THE PURIFICATION OF 5EWAQE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidket Bakwisb, M.D. (Lond.). M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health 
to the Derbyshire County Council. Crown 8vo, cloth, [/nst PuSlisfud. 6/0 
" * What process shaD we adopt to purUy our sewage f Thb question has rarely been treated 

tnm so many Doints of riew In one oook. This volunie teems with practical hints, which show the 

intimate knowledge the author has of his subject"— TJu Ett^inter. 

WATER AND iT5 PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 

mterested in Water Supply. By S. Ridbai^ D.Sc Lond., F.I.C. With 

numerous Illustrations and Tables. Crown 8vo, cloth. \J^^ Published. 7/0 

" Dr. Rldeal's book is both Interesting and accurate, and contains a rooct nseflil rititm/ of 

the latest knowledge upon the subject of which it treats."— 7^ Eitfinter. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 

works for Small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 

andW. T. Curky, A.Ki.I.C.£. Revised Edition. Crown 8vo, cloth 6/0 

"We consdenttoushr recommend It as a very useful book for those concerned in obtaining 

water for small districts, gtving a great deal of practical information in a small compass."— if wi/irr. 

THE WATER SUPPLY OF CITIE5 AND TOWNS. 

By William Humbbk, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half> 
bound morocco. (See page it.) A>/ £6 6S. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATBR-WORICS. 

By Profbssor W. K. Burton, A.M. Inst. C.B. Second Edition, Revised 
and Extended. Royal 8vo, cloth. (See page la) .... 26/0 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. CE. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charlbs Slagg, A. M. Inst. CE. Oown 8vo, doch . . 8/0 

SANITARY ARRANGEMENT OF DWELLING-HOUSES. 

By A. J. Wallis-Tayi.br, A.M.Inst.CE. Crown 8vo, cloth . . 2/6 

MODERN PLUMBING, STEAM AND HOT WATER 
HBATINO. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. y Lawler, Author of "American Sanitar>' Plumbing," 
&c. With 284 Illustrations and Folding Plates. 410, cloth. 

[ Just Published (see page 25). Net 21 / - 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumher. By W. P. 
BucHAH, R.P. Eighth Edition, Enlarged. Crown 8vo, cloth . 8/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 
BucHAN, R.P. Crown 8vo, cloth 8/6 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 

Sanitary Inspectors, Members of Sanitary Authorities, &c By Edward 

F. WiLLOUGHBY, M.D. (Loud-X &c Fcap. 8vo, cloth .... 7/6 

" A miiie of condensed litfonnation of a pertinent and useful Und on the various subjects of 

wbkh k tfwua The dUTerent subjects are sucdncUy but AiUy and scientifically dMk with. —The 
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THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equtlibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors^ Arcbes, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Building ; also numerous Tables of the bcantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Trkdgold, C.K. 
with an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn, M.A., Author of "The Science of Building," &c 
With 6i Plates, Portrait of the Author, and several Woodcuu. In One large 

Vol., 4to, cloth 26/0 

" Ought to be In erery architect's and every builder's library."— ^M/'<ir*- 

"A work whose monumental excellence must commend it wherever sldlfiil carpootry is 

concerned. The author's principles are rather confirmed than Impaired by time. The additional 

plates are of great intrinsic value."— AwiitfiMr AVw«. 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hinu on the Management of Saw 

Mills and the Economical Conversion of Timber. Illustrated with Exaunples 

of Recent Designs by leading English, French, and American Engineers. By 

M. Powis Balk, A.M.Inst.C.E., M.I.M.E. Second Edition, Revised, 

with large Additions, large crown 8vo, 440 pp., doth .... 9/0 

" Mr. Bale is evidentlv an expert on the subject, and he has collected so much information 

that his book is aU-sufllicient for builders and others enj^a^ed in the conversion of timber." — ArckiUct, 

" The most comprehensiTe compendium of wood-woridng machinery w« have seen. Tlw 

author Is a thorouffb master of his %ubi«cL" -~StMdiH£ News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 

Timber. By M. Powis Balk, A.M.Inst.C.E. Second Edition, Revised. 

Crown 8vo, cloth. [Just Publisfud. 10/6 

" The administrutUm of a larKe sawing esUbHshment is discussed, and the subject examined 

fkx>m a financial standpoint. Hence the sLse, shape, order, and dbposition of saw mills and the like 

are gone into In detail, and the course of the timoer is traced from its reception to its delivery in Its 

converted state. We could not desire a more complete or practical treatise.''— AwiMlrr. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Petbk 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitbl., 
F.S.A. Together with Practical Rules on Drawing, by Gborgb Pynk. 
With 74 Plates, 4to, cloth £1 1 1. 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. ^ By Gborgb 
CoLLiNGS. Second Edition, Revised and Enlargedj to which is added 
A Trbatisb ON Stair-building. With Plates and Diagrams . 2/0 

" Win be found of practical utility in the execution of this diificult branch oi\6ixivwj.''—BttiUUr. 

" Almost every dirticult phase of this lomewhat intricate branch of Joinery is eluddated bjr 
the aid of plates and explanatory \ctUTitU!SS."—FurHiture Gatttte, 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
Gborgb Colungs. With Diagrams. Third Edition, lamo, cloch . 2/Q 

" An exceOent example of what a book of this kind should be. Cheap In price, dear in 
definition, and practical in the examples selected."— Bui.'Jfr. 

THE CABINET-MAKER'S GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmbad. Illustrated with Plans, Sections and Working 
Drawings. Crown 8vo, cloth. [Just Ptthlishcd. 2/6 
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HANDRAILINQ COMPLETE IN EIGHT LESSONS. 

On the Sqoare-Cat System. By J. S. Goldthokp, Head of Building 
Department, Halifax Technical School. With Eight Plates and over 150 

Practical Exercises. 4to, cloth 8/6 

" Ukdy to be of considerable Tshie to Joinen and otbeis who take a pride In good woriu 

The ananffement of the book b e «c eUen t . We heaitfljr commend it to teacbefs and itudems "— 

Ti m thtr TrmU* y»Hmai, 

TIMBER MERCHANrS and BUILDER'S COMPANION. 

Containing New and CofHOUs Tables of the Reduced Weight and Measure 
ment of Deals and Battens, of all sizes, from One to a Thousand Pieces, and 
the relative Price that each size bears per Lineal Foot to any given Price per 
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timber 
to any given Price per Load of 50 Feet, &c., &c. By William Dowsing. 
Fourth Edition, Revised and Corrected. Crown 8vo, cloth . . 3/0 

" We are glad to see a fourth edition of tliese admirable tables, which for corractnen and 
rimpttdty of arrangement leare notlUng to be deiired."— Ti^mArr- Trades ytumai. 

THE PRACTICAL TIMBER MERCHANT. 

A Guide for the Use of Building Contractors, Surveyors, Builders, ftc, 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 
"Contains much valuable information for timber merchants, builders, foresters, and all 
othen connected with the growth, sale, and manulacture of }!as\xt.'''^y9Hmal ^ Ftrutry, 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Third 

Edition. Oblong 4to, cloth 8/6 

" Invaluable labour-saving uUes."— /r^NOTtffiyfvr. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from x to 200 inches in length by i to xo8 inches in breadth. 

For the use of Architects, Surveyors, Engmeers, Timber Merchants, 

Builders, &c. By Jambs Hawk ings. Foturth Editbn. Fcap., cloth. 8/6 

" A useful collection of tables to facilitate Yapid calculation of lurlkces. The exact area of 

any suriace of which the limits have been ascertained can be instan^ detennJned. The book wiU 

be found of the greatest utiUty to all engaged in buHding operations. —sScptoMaw. 

PRACTICAL FORESTRY. 

And iu Bearing on the Improvement of Esutes. By Charles E. Curtis, 
F.S.I. , Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
Revised. Crown 8vo, cloth. [/Ksf Publishttl. 3/6 

SuMMAcv OF Contents : — PREFATORV Remarks.— Objects of Planting.— 

CHOICE OF A FORHSTEK.— CHOICE OP SOIL AND SHE.— LAYING OUT OF LAND FOR 
PLANTATIONS.— PREPARATION Ol' THE GROUND FOR PLANT ING. —DRAINAGE.— PLANT- 
ING.— DISTANCES AND DlSlRIBl'TION OF TREES IN PLANTATIONS.— TREES AND GROUND 

Game.— ATTENTION after planting.— Thinning of plantations — Pruning of 
FOREST Trees.— Realization.— METHODS of Sale.— Measurement of Timber.— 
mbasureme>a- and valuation of larch plantation.— fire lines.— cost op 
planting. 

" Mr. Curtis has in the course of a ktics of short pithy chapters afforded much informa- 
tion of a useful and practical character on the planting and subsequent treatment of trees."— 
Illustrated Carpenter and Builder. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth ... 1 0/O 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD GUIDE. 

Bv Richard E. Grandv. Comprising :— An Ansdy^ of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangemenu for 
fixing Net Landed Cost on bialtic and North American Deals, including all 
intermediate Expenses, Freight, Insurance, &c. ; together with copious Informa- 
tioD for the Retailer and Builder. Third Edition, xsmo, cloth . 2/0 
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DECORATIVE ARTS, ftc. 



5CH00L OP PAINTING FOR THE IMITATION OP 

WOODS AND MARBLBS. 

As Taught and Practised by A. R. Van dbk Burg and P. Van dbk Boko 

Directors of the Rotterdam Painting Institntion. Royal folio, xS^ by la^ in^ 

Illustrated with 24 fulKsize Coloured Plates ; also xa plain Plates, comprising 

154 Figures. Third Edition, cloth. [Just Puilulud. £1 11a. 60. 

List of platbs :— t. Various Tools rbouirbd for Wood PAnrnNc— o, 5. Waucut 

Preliminary Stagbs of Graining and Finishbo Spbcimbn.— 4. Tools used for 

Marble Painting and Method of Manipulation.--<, & St. Remi Marble; 

Earlier Operations and Finished Specimen. — 7. Methods of Sketching 

Different Grains. Knots, arc.— 8. 9. ash: preuminary Stages and Finishbo 

SPECIMEN.— 10. Methods of Sketching Marble Grains.— ii, n. Brechb "Marble; 

preliminary Stages of Working and Finished Specimen.- i> Maple ; Methods 

OF Producing the Different Grains.— 14. is- Bird's-eye Biaple: Preliminary 

Stages and Finished specimen.— 16. Methods of sketching the Different 

Species of white Marble.— 17. t& wnrrE Marble ; Preliminary Stages of 

Procrss and Finished Specimen— 19. Mahogany; specimens of Various Grains 

AND methods op MANIPULATION.— 30, •!. MAHOGANY; EARLIER STAGES AND 

Finished specimen.— «, 33. 14. Sienna Marble: Varieties of Grain. Preliminary 
stages and finished specimen.— as. 96, tj. juniper wood; methods of pro- 
DUCING Grain, &c. ; Preliminary Stages and Finished Specimen.— oS. 99, 30. vert 

DE MBR MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING. UNFINISHED 

AND Finished Specimens.— 31. 3a. 33. Oak ; Varieties of Grain. Tools Employed 

AND methods op MANIPULATION. PRELIMINARY STAGES AND FINISHED SPECIMEN.— 
24. 35. 36. WAULSORT MARBLE; VARIETIES OF GRAOI. UNFINISHEO AND FINISHED 
SPECIMENS. 

" TboM who desire to attain skill In the art of painttng woods and marbles wfll find advantage 
In consukins this book. . . . Sonieof the Wofk&i£ Men's Oubs afaoold give their yotmg maa 
the opportunity to study \X.'''^BuiId*r. 

" A comprehensive guide to tlM art. The explanations of the pinceMei, the maniptilatkw 
and management of the coIourB, and the beautiAilly executed plates win not be ti»e least vaniafale to 
the student who aims at making bis work a faithful transcript of naxun.''^SitiUim£ Ntms. 

" Students and novices are fortunate who are able to become the possessors of so noble a 
work."— 77h« ArckUtct. 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Jambs W. Facby. With numeroos lUus- 
trations. In One Vol., strongly balf-bottiKl 5/0 

H0U5E PAINTING, QRAININQ, MARBLING, AND 
SIGN WRITING. 

A Practical Manual of. By Eixis A. Davidson. Eighth Edition. With 
Coloiu^ Plates and Wood Engravings. lamo, cloth boards . . 6/0 

" A mass of information of use to the amateiir and of value to the practical mMn.''—Bn£tish 
Mtckattie. 

THE DECORATOR'S A55I5TANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c Containing upwards of 600 Receipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
(yiierior and Exterior Decorations, &c Seventh Edition. 15a pp., cr. 8vo. 1 /O 
"Fullof receipts of value to decoratofs, palnteis,gildets, Ac The book coittains the gist of 

larger treatises on colour and technical processes. It would be difficult to meet with a work so full 

of varied information on the painter s ixL^^BuikUng JVtms. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 

Students. By Gborcb H. Blacrovb, Author of " Shoring and its AppUca> 

tion," &c with a8 Illustrations. Crown 8vo, doth .... 8/6 

" This most uaefbl and much wanted handbook sboukl be la the hands of eveqr avchkect and 

bulkSer."— ^K^AftMr ^«ritf. 

" A carefully and usefully written treatise ; the work is enentially pnctical.''—Sc0tsmmH, 
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DELAMOTTE'8 WORKS ON ALPHABETS AND 
ILLUMINATION. 



ORNAMENTAL ALPHABETS, ANCIENT A MEDIEVAL. 

From the Eighth Centnry, with Numerals; including Gothic, Church-Text, 
large and small, German, Italian, Arabesque, Imtials for Illumination, 
Monograms, Crosses. &c, flcc., for the use of Architectural and Engineering 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithc^raphers. 
Engravers, Carvers, &c., &c Collected and Engraved by F. Dblamottb, and 
printed in Colours. Mew and Cheaper E^tion. Royal 8vo, oblong, 

ornamental boards 2/o 

" For those who insert enamelled sentences round gilded chalices, who blaxon shop legends 

over shop-doors, who letter church waQs with pithy sentences from the Decalogue, this book will be 

uaolaL''—Atfutuntm. 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspeaiye, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small,^ and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c Collected and Engraved by F. Delamottb, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards 2/0 

" There Is comprised In It every poasible shape Into which the letten of the alphabet and 

numerals can be formed, and the talent which has been expended In the conce|>tion of the Tarious 

plain and ornamental letters is wooderfuL"— Steiuieni. 

MEDI.CVAL ALPHABETS AND INITIALS FOR 
ILLUMINATORS. 

By F. G. Dblamottb. Containing ax Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Wiixis Brooks. Fourth 

and Cheaper Edition. Small 4to, ornamental boards .... 4/0 

"A volume in which the letters of the alphabet come forth glorified in gilding and all the 

colours of the prism interwoven and intertwined and Intermingled.'*— ^mm. 

A PRIMER OP THE ART OP ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for 'its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Dblamottb. New and Cheaper 

Edition. Small 4to, (Mmamental boards 6/0 

** The examples of ancient MSS. recommended to the student, which, with much good sense, 

the author chooses from coUecdoos accessible to all, are selected with judgment and knowledge as 

weO as tasta.'''^AtMftutum, 

THE EMBROIDERER'S BOOK OP DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Medisevaf and Modem Alphabets, and National 
Emblems. Collected by F. Dblamottb, and printed in Colours. Oblong 

royal 8vo, ornamental wrapper 1/6 

" The book will be of great assistance to ladies and youn^ children who are endowed with 
the art of plying the needle in this most ornamental and uaeftil prMty watk."—E«ut AngUan Times. 

INSTRUCTIONS IN WOOD-CARVINQ FOR AMATEURS. 

With Hints on Design. Bv A Lady. With xo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from * A 
Lady's ' publi cat ion. "—wJ/^oi^imw. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth 
Edition. Crown 8vo, cloth 5/0 

%* AdopUd as a PHu Book at South Kmsington. 

" Much may be learned, even by those who fancy they do not require to be taught, from the 
careful perusal ot this unpretending but comprehensive treatise. '—Art youmal. 
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NATURAL SCIENCE, ftc. 
THE VISIBLE UNIVERSE. 

Chapters on the Origin and CoDstracdon of the Heavens. By J. E. Gokk, 
F.R.A.S., Antbor of^' Star Groups," Ac lUostrated by 6 Stellar Phocographs 

and 19 Plates. Demy 8vo, cloth 1 6/0 

" A valuable and ludd nnnmary of recent astroDomkal tbeoty. rendered OMxe Tahtable and 
attractiTe by a series of stcAar pbotognphs and other illustrations."— 7^ Timex. 

" In pfesentinff a clear and concise account of the present state of oar knowledge Mc Gore 
has made a Tahiable addition to the literature of the wbject."— AleDMv. 

" Mr. Gore's ' Visible Universe ' b one of the Anest worlcs on aatrooomlcal sctence tiiat have 
recently appeared in our language. In spirit and in method it b s ci e n tific from cover to cover, but 
the style b so dear and attractive that it wiU be as acceptable and as readable to thoee who make 
no scientUic ptetensioos as to those who devote thenoselves speriaHy to matten astronamkaL"— 
l^€dx Mtremy. 

5TAR QR0UP5. 

A Student's Guide to the Constellations. By J. Ellakd Gork, F.R.A.S., 
M.R.I.A., &c., Author of "The Visible Universe," "The Scenery of the 

Heavens,** &c With 30 Maps. Small 410, cloth 6/0 

" The volume contains thirty maps showing stan of the sixth magnitude— the usoal naked-eye 
limit— and each b accompanied by a brief commentary adapted to bdUtate recognition and bring 



to notice objects of special interest. For the purpose of a preliminary survey of the ' midnight 
pomp ' of the heavens nothing could be better than a set of delineations averagiiy scarcely twenty 
square inches in area and including nothing that cannot at once be identified. "-^SoiXniejr Reviem. 



AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms tised in Astronomy. With Tables of Data and Lists 
of Remarkable and Interestins Celestial Obiects. By J. Eixakd Gorb, 
F.R.A,S., Author of " The Visible Universe," &c Small crown 8vo, doth. 

2/6 

**A very useful ttttle work for beginners in attraoomy. and not to be desptaed by more 
advanced students."— 7*< Ti»m4S. 

" A very handy book ... the utOtty of which to orach Incrsesed by its valuable tables of 
astronomk:al data."— .^<*«funMn. 

THE MICROSCOPE. 

Its Construction and Management. lndodir4g Technique. Photo-microgr ap hy, 
and the Past and Futtire of the Microscope. By Dr. Henri van Heurck. 
Re-Edited and Augmented from the Fotuth French Edition, and Translated 
by Wynne £. Baxter, F.G.S. 400 pp., with upwards or 850 Woodcuts, 
imp. 8vo, doth .1 8/0 

** A translation of a weO-known work, at once pcnwlar and conptebensive."— TibiMK. 

" The translation b as felicitous as it is accurate. —^««Mrr. 

ASTRONOMY. 

6v the late Rev. Robert Main, M.A., F.R.S Third Edition, Revised by 
William Thynne Lynn, B.A., F.R.A.S., formerly of the Royal Observatory, 

Greenwich, xamo, doth 2/0 

" A sound and simple treatlae, veiy carefully edited, and a capital book for beginners."- 

"Accurately brought down to the requirements of the p r aee nt time by Mr. Lynn."— 
JzduaUiottaJ rim*s. 

A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate^ A.L.S., F.G.S. With 23 Plates and 
upwards of 300 Woodcuts. Repnnt of Foiuth Edition (1880). Crown 8vo, 

doch 7/6 

" A most valuable stordiouse of conchological and geological Information."— ScfniMf Gttif. 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 

ByG. W. V. LE Vaux. 8vo, doth 6/0 

" A valuable cootifbulloo to the evidences of Revdatlon. and disposes very coodusiveiy of 
the arguments of thoee ^iho would set Cod's Works against God's Woe± No ir' ^^- •- 
shirked, and no aophtatry la left un e spo ae t L "— Tht R»ek, 
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NATURAL SCIENCi 



HANDBOOK OP MECHANICS. 

By Dr. Lardnbr. Enlarged and re>written by Benjamin Lobwv, F.R.A.S. 

378 Illustrations. Post 8vo, cloth 6/0 

The penpicuity of the original has been retained, and chapters which had become obeolete 



hare been replaced br others of more modem character. The explanations throughout 
studiously popular, and care has been taken to show the application of the various bnmcbes 01 
physics to tne industrial arts, and to the practical business of lite."— iVi>ite/' youmai. 

HANDBOOK OP HYDROSTATICS AND PNEUMATICS. 

By Dr. Lardnkr. New Edition, Revised and Enlarged by Benjamin Lobwt. 
F.R.A.S. With 236 Illustrations. Post 8vo, cloth .... 5/0 
" For those ' who de^re to attain an accurate knowledge of physical sdence without the 
profound methods of mathematical investigation,' this work is weU adapted."— CA«M^:as/ News. 

HANDBOOK OP HEAT. 

By Dr. Lardner. Edited and re- written by Ben jam i n Lobwy, F. R. A. S. , &c 

XX7 Illustrations. Post 8vo, cloth O/O 

" The style is alwavs clear and precise, and conveys instruction without leaving any cloudiness 
or lurking doubts behind."— £ngin€eriM£' 

HANDBOOK OP OPTICS. 

By Dr. Lardnbr. New Edition. Edited by T. Olvbr Harding, B. A. Lond. 

with 398 Illustrations. Small 8vo, 448 pp., cloth 5/0 

" Written by one of the ablest English scientific writen, beautifully and daborately Dhistrated." 
—Mtchmnics' Ma£m»iru. 

ELECTRICITY, MAONETISM, AND ACOUSTICS. 

By Dr. Lardnbr. Edited bv Geo. Carey Foster, B.A., F.CS. With 

400 Illustrations. Small 8vo, cloth 0/O 

"The book could not have been entrusted to any one better calculated to preserve the terse 

and lucid style of Lardner. while correcting his errors and bringing up his work to the present 

state of scientific knowledge."— /'4^«/«r Scitntg Rtview, 

HANDBOOK OP ASTRONOMY. 

By Dr. Lardner. Fourth Editioiu Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 

100 Woodcuts. 8vo, cloth 9/B 

" Probably no other book contains the same amount of information in so compendious and 

well arranged a form— certainly none at the price at which this b offered to the pubUc"— .^iSA«M4rw«M. 

" We can do no other tmui pronounce this work a most valuable manual of astronomy, and 

we strongly recommend it to all who wish to acquire a general— but at the same time coRoct— 

acquaintance with this sublime vAKacn,"—Quart*rly youmal ^Scitnct. 

MU5EUM OP SCIENCE AND ART. 

Edited by Dr. Lardner. With upwards of x,9oo Engraving on Wood. In 
Six Double Voltunes, £1 1 «. in a new and elegant cloth bmding ; or hand* 

somely bound in half-mcntxxo £1 lis. 60. 

" A cheap and interesting publication, alike informing and attractive. The papers combine 
subjects of importance and great scientific knowledge, considerable inductive powers, and a popular 
style of treatment."— ^<ete4»r. 

SiparaU books formsd from the above. 



Coanon Things Bxplalned. is. 
The Microscope, as. cloth. 
Popular Oeolosy* 35. (>d. cloth. 
Popular Physics. a5. 6d. cloth. 



Steam and Its Uses. 9S. cloth. 
Popular Astronomy. 45. 6d. cloth. 
The Bee and White Ants. a5. cloth. 
The Electric Telegraph. x5. (>d. 



NATURAL PHILOSOPHY POR SCHOOLS. 

By Dr. Lardner. Fcap. 8vo 3/6 

"A very convenient class book for Junior students in private tchwAs."— British Quarttrty 
Revirm. 

ANIMAL PHYSIOLOOY POR 5CH00L5. 

By Dr. Lardnbr. Fcap. 8vo 8/6 

" Clearly written, well arranged, and ex c ellently illustrated."— ^mim^/ ChronitU. 

THE ELECTRIC TELEGRAPH. 

By Dr. Lardnbr. Revised by £. B. Bright, F.R.A.S. Fcap. 8vo. . 2/6 
" One of the most reMlabte books extant on the Electric Telegraph.*'~.£Mr^A Mtcfumie. 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, &c. 



THE QA5 ENGINEER'S POCKET-BOOK. 

Comprising Tables, Notes and Memonuida relatui|^ to the Manofactare, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M.Inst.C.E. Second Edition, Revised. 470 pp.. crown Svo, 
fully lUustrated, leather. [Just Pnfluitd. 10/6 

" Th< book contains a vast amount of Infonnatkm. Th« author goes consecutiTdy throudi 

the engineerfaif details and practical methods invohred in each of the diflerent ptDc ea i es or pans 

of a iT'S'^^^ri^ He has certainly succeeded in making a compUatioa of hard matters oc fiict 

absolutely interesting to read."— Gex fV*rU. 

" A useful work of reference ibr the ns engineer and all interested in lighting or beating bjr 

gas, wliile the analyses of the various descriptions of gas wiD be of Talue to the technical rhrmist. 

AH matter in any way connected with the manufKture and use of gas is dealt with. The book has 

evidently been caraniDy compiled, and certainly constitutes a usdul additkw to gas Utaratufe."— 

BuiUer. 

" The T(dume contains a great <raantity of specialised information, compfled, we believe, from 

trustworthy sources, which should make it of considerable value to those for wltom it b spedficanj 

produced. —fMyr*M/<r. 

LIQHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By Wiluam E. Gibbs, M.E. 
With 66 Illustrations. Crown 8vo, cloth. [/ttf / Pa«^/wAA^ 7/6 

ENQINEERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analjrtical Chemists, Engineers, Iron 




, 400pp., with Illustrations, cloth 1 0/6 
** In this work the author has rendered no small service to a numerous body of piactical 

men. . . . The analytical methods mar be pronounced most sarisfartoty. being as accurate as the 

despatch required of engineering chemists pennits."— CAmm^^oi/ New*. 

"FuH of good things. As a handbook of technical analysis, it is veiy welcome."— J9w<Wrr. 
"The analytical methods given are, as a whole, such as are likely to give rapid and trust* 

worthy results in experienced hands. . . . There b much excellent descriptive matter in the work, 

the chapter on ' Oils and Lubrication ' being specially noticeable in this respect, "-^fviteccr. 

NITR0-EXPL0SIVE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 

of Nitrated Substances, including the Fulminates, Smokeless Powders, and 

Celluloid. By P. G. Sanford, F.I.CXonsulting Chemist to the Cotton Powder 

Company, &c With Illustrations. Crown 8vo, cloth. [Just Publish$d. Q/Q 

**Any one having the requisite apparatus and materiab could make nltrcHglycerine or gun* 

cotton, to say nothing of other explosives, by the aid of the instructions in this volume. This Is 

one M the veiy few text-books in which can be found Just what is wanted. Mr. Sanford goes 

through the whole list of explosives conunonlyused, names any given explosive, and tdls us of iHiat 

it is composed and how it is manufi^tured. The book is excdlent thnx^hout."— £v'ib«Mr. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 
Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton. 
With Chapters on Explosives in Practical Application. By M. Eisslbr, 
Mining Engineer and Metallurgical Chemist. Second Edition, Enlarged. 
With 15c Illustrations. Crown 8vo, cloth. [Just PubUsh$d. 1 2/6 

** Useful not only to the miner, but also to oflkers of both services to whom blasting and the 
use of explosives gennally may at any time become a necessary auxiliary. "—A'a/Myv. 

DANGEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom, together witn the Government 
and Railway Classifications, Acts of Parliament, &c. A Guide for the Use of 
Government and Railway Ofiicials, Steamship Owners, Insurance Companies 
and Manufacturers, and Users of E^losives and Dangerous Goods. By 
H. Joshua Phillips, F.I.C, F.CS. Crown 8vo, 374 pp., cloth . . Q/O 
** Merits a wide circulation, and an intdUgent. appreciative study."— CA«m<c0/ Ntws. 
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CHEMICAL MANUFACTURES. CHEMISTRY, S-c. 35 
A MANUAL OP THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Add, Suli^iate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon-T3me and 
London. 390 pp. of Text. With 232 Illustrations and Working Drawings, 
Second Edition, with Additions. Super •royal 8vo, doth . £1 1 Qs. 

** This book is written by a manufacturer for manufacturers. The working details of the roost 
approred forms of apparatus are pven, and these are accompanied bjr no less than 339 wood 
engravings, all of which may be used for the purposes of construction. Every step in the manu* 



... I may be used for the purposes of construction. Evcir step in the manu* 

fiKtuxe b venr fully described in this manual, and each improvement expUkined.— A tJUtuntm. 

" We nnd not merely a sound and luminous explanation of the chemical principles of the 
tnde. but a notice of numerous matters which have a most important bearing on the successftd 
conduct of alkali works, but which are generally overlooked by even experienced technological 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
OBOLOQY. 

Containing tdl known Methods of Anhydrous Analysis, many Working 

Zxamples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 

Ross, R.A., F.G.S. With lao Illustrations. Second Edition, Enlarged. 

Crown 8vo, cloth 5/0 

" The student who goes consdentioushr through the course of experimentadon here laid down 
will gain a better hisight into inorgamc chemistry and mineralogy than if he had 'got up' any of the 
best text-books of the day. nd passed any number of eraminations in their contents.^— CA«iit^a/ 

THE MANUAL OP COLOURS AND DYE-WARE5. 

Their Properties. Applications, Valuations, Impurities and Sophistications. 

For the Use of Dyers, Printers, Drysalters, Brokers, &c By J. W. Slater. 

Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

** A complete eacydopsedia of the «Ma«mte/ita£«9H;a. The infonnation given respecting each 

aiticle Is fliU and predie, and the methods of determining the value of articles such as these, so 

■able to sophisdcatioo. are given with deamen. and are practical as well as valuable."— CAowM 

mnd Drtigfirt. 

" Tnere Is no other work wtiich covers precisely the same grotmd. To students preparing 
for examinations In dyeing and printing it will prove exceedingly nseftU. " Cktimtcai Ntm s. 

A HANDY BOOK POR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 

Conausioos of Modem Research which bear upon the Practice of Brewing. 

By Hbrbbxt Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth. [Just Publishtd, 1 2/6 

" May be consulte d with advantage by the student who is preparing himself for examinational 

tests, wh&e the scientific brewer wlU lind in it a Hsumd of all the most important discoveries of 

modem times. The work is written tlirougt>out in a dear and concise manner, and the author 

takes great caie to dlsdiminate be t wee n vague thcor.cs and well-established facts."— frvawri' 

" We have great pleasure In recommending this handy book, and have no hesitation in saying 
that it to one of the beet— if not the best— which has yet been written on the subject of beer-biewing 
In thto country; it should have a place on the shelves of every brewer's Ubraiy. "—ifmMr? 



" Although the requirements of the student are primarily con^dered, an acquaintance of half- 
an-hour's duradon cannot foil to impress the practical brewer with the sense of having found a 
trustworthy guide and pvactical counsellor in brewery matters."— CAmstfot/ Tr»d* yntrn^ 

PUEL5: 50L1D, LIQUID, AND QA5E0U5. 

Their Analysis and Valttation. For the Use of Chemists and Engineers. By 

H. J. Phiixik. F.C.S., formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 

** Ought to have Its place fai the laboratory of every metattnrglcal estabUshment and wherever 

foel b nsed on • large scab."— CAMMdim/ Nt^s 
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THE ARTI5T5' MANUAL OF PIOMENTS. 

Showing their Compositiott, Conditions of Permanency, Non-Permanenc]r, and 

Adulterations ; Effects in Comhinati<Hi with Each Other and with V^des ; 

and the most Reliable Tests of Purity. By H. C. Standagb. Crown 8vo. 2/6 

" This work is indeed mu/tutn^H-^rvo, and we can. with good conscience, reconunend h to 

•n who come in contact with pigments, whether as makers, dealers, or users."— CA/m^oi/ Review. 

A POCKET-BOOK OF MENSURATION AND QAUQINQ. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c By J. B. Mant, Inland Revenue. Second Edition, 
Revised. x8mo, leather 4/0 

"This handy and useful book is adapted to the requirements of the Inland Revenue Depart* 
roent. and will be a favourite book of reference."— C^mVumk. 

" Should be in the hands of every practical brewer."— JBrmwrr' yeurnaL 

INDUSTRIAL ARTS, TRADES, AND 
MANUFACTURES. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 

Cultivation of the Tea Plant and the Preparation ol Tea for the Market. By 

A. J. Wallis-Taylkr, A. M. Inst. C.E. Medium 8vo, 468 pp. With «i8 

Illustration.s. [Just Published. Net 26/0 

Summary of Contents i — Mfchanicai Cultivation or Tillage of the 

Soil.— Plucking or gathering the Leaf. — Tea Factories.— The Drf.ssing. 

Manufacture, or Preparation of Tea by Mechanical Means.— Artificial 

Withering of the Leaf.— Machines for Rolling or Curling the Leaf.— 

Fermenting Process.— Machines for the Automatic Drying or Firing of the 

Lkaf.— Machines for Non-Automatic Drying or Firing of the Leaf.— Drying 

or Firing Machines.— Breaking or Cutting, and Sorting Machines.— Packing 

THE Tea.— Means of Transport on Tea Plantations.— miscellaneous Machinery 

AND Apparatus.— Final Treatment of the Tea.— Tables and Memoranda. 

" The subject of tea machinery is now one of the first interest to a Urge class of peuple, to 
whom we strongly commend the volume."— t'AamA^r o/Contmerct youmaL 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery." — youmal Society (J" Arts, 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Friedrich Kick, Imperial 
Regierung[srath, Professor of Mechanical Technology in the Imperial German 
Polytechnic Institute, Prague. Translated from Uie Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powlbs, Assoc Memh. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding 

Plates, and 167 Woodcuts. Royal 8vo, cloth £1 5 s. 

" This nduable work is. and will remain, the standard authority on the sdeiKe of millLig. . . . 
The miller who has read and digested this work will have laid the foundation, so to speak, of a 
successful career ; he will have acquired a number of general principles which he can proceed to 
apply. In this huidsome volume we at last have the accepted text-book of modem milling in good, 
sound English, which has little, if any, trace of the German idiom."— 7^ MiUer. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives Overlookers, and Manufacturers. 
By John Listbr, Technical Instructor, Pendleton. 8vo, cloth . . 7/6 

" A distinct advance in the hterature of cotton manufacture."— <Vfl<A«>i*»5f. 

*' It is thoroughly reliable, fulfilling neariy all the requirements desired."— <;/aJ9ennp Herald. 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. I. Wallis* 

Tavlkr, a. M. Inst. C. E. Author of *' Refrigerating Machinery,' &c. With 

upwards of 300 Illustrations. Crown Svo, cloth. [7«s< Published. 10/6 

" Tne large trade that is done in the component parts of bicycles has placed in the wayof 

men mecbanicaUy inclined extraordinary facilities for building bicycles for their own use. . . . The 

book will prove a valuable guide for all those who aspire to the manufacture or repair of their o%n 

machines.— The Fieid. 

"A most comprehenrive and up-to-date treatise."— rA« CycU. 

" A very useful book, which is quite entitled to rank as a standard woric for itudeats of cycle 
construction. ^'IVfueUM§. 
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CEMENT5, PA5TE5, QLUE5, AND QUM5. 

A Practical Guide to the Manufaaore and Application of the various Aggloti> 
nants required in the Building. Metal-Working, Wood*Working, and Leather* 
Working Trades, and for Workshop, Laboratory or Office Use. With upwards 
of 900 Recipes and Formulse. By H. C. Standacb, Chemist. Third Edition. 
Crown 8vo, cloth. [Just Publishsd. 2/0 

"We have pleasure in speaking (kvouraMv of this vohune. So far as we have bad 
•jcpeilence. which Is not inconsiderable, this manual is trustworthy. "—^iA/M<rM«M. 

" As a revelation of what are considered trade secrets, this book will arouse an snHwint of 
curiosity among the large number of Industries it touches."— Z>atf> ChrcnitU. 

THE ART OF 50AP-MAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alx. Watt. Sixth Edition, including an 
Appendix on Modern Candlemaking. Crown 8vo, cloth. 

\JustPublhhtd. 7/6 



"The work wiD prove very useful, not merely to the technological student, but to the 
cal soap boiler who wishes to understand the theory of his tctt." —Chemical News. 
" A thorougrhly practical treatise on an art which has almost no literature in our 1 
congratulate the a " * " ' 

Hterature. "—Nature, 



practical soap boiler who wishes to understand the theory of his tdW—Ckemicai News. 

" A thorougrhly practical treatise on an art which has almost no literature in our language. 
We congratulate the author on the success of his endeavour to fin a void in English technical 



PRACTICAL PAPER-MAKINQ. 

A Manual for Paper-Makers and Owners and ManM^ers of Paper-Mills. With 
Tables, Calculations, &c By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 0/O 
" The author caters for the requirements of responsible mill hands, apprentfces. &c.. whilst 
his numiwl will be found ofgreat service to students of technology, as well as to veteran paper- 
makers and mill ownerv The illustrations form an excellent feature."— 7%< ff'orid's Pap^r Tradt 
Review. 

" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
\)oo'k."— Paper Making. 

THE ART OF PAPER-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Mauerials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances tued. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt. Author of " The Art of Soap-Making." With Illus- 

trations. Crown Svo, cloth 7/Q 

"It may be rcK^rded as the standard work on the subject. The book is full of valuable 
information. The ' Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or for the private student. —/*a/*r and Printing Trades JoMmai. 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth. 

\Just Published. 8/6 

THE ART OF LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods Iot the 
Elsiimation of Tannm, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of " Soap-Making, &c. 

Fourth Edition. Crown Svo, cloth Q/Q 

" A sound, comprehensive treatise on txnnini? and its accessories. The book is an eminently 

valuable production, which redounds to the credit of both author and publishers."— CA^miiMV 

Review. 

THE ART OF BOOT AND SHOE MAKING. 

A Practical Handbook, including Measurement, Last- Fitting, Cutting-Out, 
Closing and Making, vrith a Description of the most approved Machinery 
Employed. By John B. Lend, late Editor of St. Crispin, and Th$ Boot amd 
Shot-Maktr. lamo, cloth 2iO 
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WOOD ENQRAVINQ. 

A Practical and Easy Introduction to the Study of the Art. By W. N. Browk. 

lamo, cloth "f /Q 

" The book is clear and complete, and will be osafol to any one wanttnj; to understand the 
first elements of the beautiAil art ot wood engrarins." — Gr^ktc 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr, ex-Director of the School 
of Horology at Macon, by Julien Tripplin, F.R.A-S., Besancon Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Secraid 
Edition. Super-royal 6vo, cloth, £2 2«. ; half-calf . . 4S2 IDs. 

" There is no liorologic^d worlc in the EngUsb Un^u^e at all to be compared to tills produc- 
tion of M. Saunler's for clearness and completeness. It is alike good as a guide for the stuMit and 
as a reference for the experienced horologist and skUled workman."— /f«r»i:tt^iai/ ^^0umal. 

" The latest, the most complete, and the most reliaUe of thoee literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their Enfidish brethren 
— 4n &ct, the Book of Books, is M. Saunter's ' Treatise.' "—M^atckmaJttr, JrmtlUr, awi SihrtrtntOh, 

THE WATCH ADJUSTER'S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjuster in Making, 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures. 
ByC. £. Fritts. 370 pp., with lUustratioos, 8vo, cloth . . . 16/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanical Arts. Translated from the French of Claudius 
Saunibr, and enlarged by Juubn Tripplin, F.R.A.S., and Edward 
Rigg, M.A., Assayer m the Royal Mint. Third Edition. 8vo, doth. 9/0 
" Each part is truly a treatise in itself. The arrangement b good and the language Is dear 
and concise. It is an admirable guide for the young w^sx\ata!itxx,''—Eneinetrin£. 

" It is impossible to speak too highly of its excellence. It fulfils every remrirement In a 
handbook intended for the use of a workman. Should be found in erery woriuhop. —ffSklirA and 
CltckmmMtr. 

A HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kendal, M.B.H. Inst. Boards, 1 /6 ; or cloth, gilt . SK/6 
*• The best which has yet appeared on this subject in the English language."— /mf«a«ntef. 
•• Open the book where you m " ' ' ' '" '* ' **"~ * '~ 

devices Of the ancient or modern hoi 



" Open the book where you may, there is interesting matter in it concerning the Ingenious 
s Of the ancient or modern horologer."— 5a/Mn^> Jceview. 



ELECTRO-DEPOSITION. 

A Practical Treatise on the Electrolysis of Gold, Silver, Copper, Nickel, and 
other Metals and Allo>'s. With Descriptions of Voltaic Batteries, Magneto 
and Dynamo-Electric Machines, Thermopiles, and of the Materials and 
Processes tised in every Department of the Art, and several Chapters on 
Electro-Metallurgy. By Alexander Watt, Author of "Electro- 
Metallurgy," &c Third Edition, Revised. Crown 8vo, cloth . . 9/0 
"Eminently a book for the practical worker in electro-deposition. It contains practical 

descriptions of methods, processes and materials, as actually pursued and used in the workshop.'— 

EngiM€er. 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, including the 

most recent Processes. lamo, cloth 3/6 

" From this book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating."— /fw». 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thutv Years' Workshop Practice. By George K. Gee, Author of " The 

Goldsmith's Handbook," &c Crown 8vo, cloth 7/6 

"This manual of technical education Is apparently destlnad to be a Tahubta auxlMaiy to a 
haodiCFaft which Is certainly capable of great improvement."— 7%< Tinut, 
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BLECTROPLATINQ. 

A Practical Handbook 00 the Depodtioa of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c, &c By J. W. UnouHAirr, C.E. Fourth 
Edition, Revised. Crown 8vo, clotb. {/Mst Publisfud, 5/0 

" An eiiceltont practical mimial. 'Sngitutrtw. 

** An eiiceltont work, girincr tb« newest inibfnuaoo.'*— i7«r«t/!i)riari/ ytummt, 

ELECTROTYPINQ. 

The Reproduction and Multiplication of Printing Sur&ces and Works of Art 
by the Electro-Deposition of Metals. By J. W. urquhakt, C.E. Crown 8vo. 

cloth 6/0 

** The book b tboroitghhr practical: the reader is, therefore, conducted throtu^h the leading 

tews of electiidty. then through the metals used by electrotypers, the apparatus, andthe depodting 

p r o c e oses , up to the final pteparatlon of the work, —^rr J^mmal, 

Q0LD5MITH*5 HANDBOOK. 

By Gborgb E. Gbb, Jeweller, &c. Fifth Edition, xsmo, cloth . . 8/0 
"A good, found educator, and will be generaDjr accepted as an authority."— /f#rvAvici>/ 
yonmoL 

SILVERSMITH'S HANDBOOK. 

By Gbokgb E. Gbb, Jeweller, &c Third Edition, with numerous Illustra- 
tions, lamo, cloth 8/0 

"The chief merit of the work is its practical character. . . . The wor k er s In the trade will 
speedily discorer its merits when they sit down to study \t.'— English MtckatUe, 

*«* T/m abov€ two works togethtr, strongly half-bound^ pries 7s, 

5HEET METAL WORKER'5 INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn. New Edition, Revised and 
greatly Enlarged by Joseph G. Hornbr, A.M.I.M.E. Crown 8vo, s54_ppM 
with 430 Illustrations, cloth. U^^st PiMishid. y/Q 

BREAD 6l biscuit BAKER'S & SUQAR-BOILER'S 

A55I5TANT. 

Including a laree variety of Modern Recipes. With Remarks on the Art of 

Bread-making. By Robert Wblls. Third Edition. Crown 8vo, cloth . 2/0 

** A large number of wrinkles for the ordinary cook, as weU as the hakar.''-'S*titrdmy Review, 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, ad^ed also for Family 
Use. By K. Weu-S, Author of " The Bread and Biscuit Baker." Crown 8vo, 

cloth 2/0 

'* We cannot speak too Ughly of this really excellent worlc In these days of keen competitk» 
ear readers cannot do better than purchase this book."— AU«rr' Times. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers. Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With laa 

Original Designs. By Robert Wblls. Second Edition. Crown 8vo . 5/U 

"A valuaible worlc. practical, and should be in the hands of erery baker and conliBCtioner. 

The iOustsative designs are alone worth treble the amount charged for the whole woric."— ^«Am' 

Times. 

THE MODERN FLOUR CONFECTIONER, WHOLESALE 

AND RETAIL. 

Containing a large Collection of Recipes or Cheap Cakes, Biscuits, &c With 
remarks 00 the Ingredients Used in tneir Manufacture. By Robert Wblls, 
Author of " The Bread and Biscuit Baker," &c Crown 8vo, cloth . 2/0 
The work b of a decidedly practical character, and in every recipe regard is had to econonalcal 
- -ish Datty Mail 



l."—Nertk British Daily Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the ManuCacture of 
Indiarubber Hand Stamps, Snudl Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloans, A.M., 
Ph.D. With numerous Illustrations. Square 8vo, cloth . 6/0 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAXJL N. HASLUCK. 
Editor of " Work " (New Series), Author of " Lathe Work," " Milling Machines," &c 
Crown 8vo, 144 pp., price is. each. 
Thtit Handybooks hav€ btsn writUn to supply in/ormation for Wokkmbn. 
Students, and Amateurs in tht ssvsral Handictafts, on tht actual Practice of 
tht Workshop, and an inttndid to convty in plain languagt Technical Know* 
LEDGE of th4 stvtral Crafts. In dsscribing the proc4ss*s employ td, and the manipu- 
lation of material^ workshop terms are used ; workshop practice is fully explained ; 
and the text is fruly illustrated with drawings of modem tools, applia$%ces, and 
processes. 

THE METAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Foot>Lathe. With over 100 Illus* 

trations I/O 

" The book win b« of service alike to the amateur and the artisan turner. It <Us|:4ays 
thorough knowledge of the subject."— 5<w<:r««Mi». 

THE WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over 100 Illustradons. 

1/0 

" We recommend the book to young turners and amateurs. A multitude of wo i fc m e n hare 
hitherto sought in vain for a manual of this special industry."— J/((cAa»^«a/ IVortd. 

THE WATCH JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

200 Illustrations I/O 

" We strongly advise all young persons connected with the watch trade to acquire and study 
this Inexpensive ^m>x}t."^CUrken-wtU ChronicU. 

THE PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of too Illustrations I/O 

" A most valuable, if not indispensable manual for the pattern XDgSux"^Kn9wltdgt. 

THE MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Information 
on various Handicraft Processes. With Useful Notes and Miscellaneous 

Memoranda. Comprising about 300 Subjects 1 /Q 

"A very clever and useful book, which should be found In every workshop; and It should 
certainly find a place in all technical iKhooW— Saturday Re%n€W. 

THE MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of 100 Illustrations . I/O 

" Mr. Hasluck has produced a very good little book."— SM«Ze^. 

THE CLOCK JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

100 Illustrations I/O 

" It is of inestimable service to those commencing the trade.**— C»t/*«/»y Standard, 

THE CABINET MAKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliance and Processes 
employed in Cabinet Work. With upwards of 100 Illustrations . .I/O 
"Mr. Hasluck's thorough-going little Handybook is amongst the most practical guides we 
have seen for beginners in csX^m.tX-'mox}^."— Saturday Review. 

THE WOODWORKER'S HANDYBOOK OP MANUAL 

INSTRUCTION. 

Embracing Information on the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With 104 Illustrations I/O 

Opinions or the Press. 
" Written by a man who knows, not only how work ought to be done, but how to do It, and 
how to convey his knowledge to others. —Bni^ineerins. 

" Mr. H.i«jluck writes admirably, and gives complete instructions."- £'»vi(»»«rr. 
" Mr. Ha^uck combines the experience of a practical teacher with the manipulative sktU and 
scientific knowledge of processes of the tr.iined mechanician, and the manuals are marvels of what 
can be produced at a popular thrice." — Schooimasur. 

" Helpful to workmen 01 all ages and degrees of experience."- Ari/j' Chroniclt. 
"Practical, sensible, and remarkably cheap." — ycumai ^ Edutaticn, 
•• Concise, clear, and practical."— So/toyttey Revieiv. 
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COMMERCE, COUNTING-HOUSE WORK, 
TABLES, &c. 



LB550N5 IN COMMERCE. 

By Professor R. Gambako, of the Royal High Commerdal School at Genoa. 

Edited and Revised by Jambs Gault, Professor of Commerce and Commercial 

Law in King's College, London. Second Edition, Revised. Crown 8vo . 8/6 

" The publishen of this work have rendered considerable service to the cause of commercial 

education by the opportune production of this volume. . . . Tb« work is peculiarly acceptable to 

Engttsh readers and an admirable addition to existing class books. In a phrase, we think the work 

attams its object in furnishing a brief account of those laws and customs of British trade with which 

the commercial man interested therein should be familiar."— CAaiM^rr ofCommtrce Tpumai. 

" An invaluable guide in the hands of those who are preparing for a commercial career, and 
In tect. the information it contains on matters of business should be Impressed on every one."— 
CotttMttf Hmst. 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Correspondence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Baker. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth. 

\ Just Published. 4/6 

" Whoever wishes to correspond in aU the languages mentioned by Mr. Baker cannot do 

better than study this work, the materials of which are excellent and conveniently arranged. They 

consist not of entire specimen letters, but— what are Car more useftil— short passages, sentences, or 

phrases expressing the same general idea in various forms."— ^M^m^mm. 

" A careful examination has convinced us that it Is unusually complete, weO arranged and 
rsHaUe. The book is a thoroughly good (3ti»."Sck4clmatter. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices on the 
Nomeiiclature of Machine Details; the Income Tax Acts; the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, ftc, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emils Garckb and J. M. Fblls. Fourth Edition, Revised and Enlarged. 

Demy 8vo, 350 pp., strongly bound 6/0 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 

of assimilating the Factory Accounts to the general commercial books Is one which we tborougnly 

agree mit^"— A aounSants' ycurnal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 

derive great beneht from the perusal of this most admirable work."— 'L^cai Gavemmtnt ChronicU, 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. B^ Lewis D. A. 
Jackson, A. M. Inst. C. E., Author of " Aid to Survey Pracuce," &c. Large 
crown 8vo, cloth 1 2/6 



A SERIES OP METRIC TABLES. 

In which the British Standard Measures and Weights are compared vrith those 
of the Metric System at present in Use on the Continent. By C. H. Dowung, 

C.E. 8vo, strongly bound 10/6 

'* Mr. DowUngs Tables are well put together as a ready reckoner for the conversion of one 
system into tlie oxht!t."—Atkenmu$n. 

THE IRON AND METAL TRADE5' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from i5. per cwt. to 1125. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downik. 396 pp., leather . . 9/0 
" A most uM-ful set of tables, nothing Uke them before vitiaX)eA.''—Buildi$tg Nrws. 
<* Ahboogh s|H:ci.iUy adapted to the iron and metal trades, the Ubles will be found useful in 
other buflness in which merchandise Is bought and sold by wtig!bx,"—Jtaiiway Nrms. 



every otherb 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 950,000 Separate Calcoladons, showing at a Glance the 

Value at 432 Different Rates, rangug from lijth of a Penn^ to aos. each, or per 

cwt., and £90 per ton, of any number of articles consecutively, from x to 470. 

Any number of cwts., ors., and lbs., from i cwt. to 470 cwts. Any number of 

t(ms. cwts., qrs., and lbs., from 1 to x,ooo tons. By William Chadwick, 

Public Accounumt. Third Edition, Revised. 8vo, strongly bound . 18/0 

" It to at easjr of reCamce for any answer or any number of answers as a dktionarjr. For 

making up accounts or estfanatec the book must prove mraluable to all who have any consraenbl* 

quantity of calculations involYinf price and measure in any combination to ^o'—Etigittetr. 

" The most perfect wodt of the kind yet prefMied."— (rAu;f»w Htrmld, 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprdiennve Plan, exhibiting at 
one Reference the exact Value of any Weight from x lb. to 15 tons, at 300 
Progr^^ve Rates, from id. to x68s. pa- cwt., and containing x86.ooo Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggr^ate <M 10,966,000 
Answers ; the whole being calculated and designed to ensure correctness and 
raromote despatch. By Hbnry Harbbn, Accountant. Fifth Edition, carefully 
Corrected. Royal 8vo, strongly half-bound £1 0t, 

" A practical and usefVil work of reference for men of buslneas Keneralhr.''— /SrvnmMiMr. 

"Of priceless ralue to buslneas men. It to a necessary ho3k in au mercantile offices."— 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, ManufnctUMrs, 
Ironmongers, and Others, by which maybe ascertained the Exact Profit arising 
from an V mode of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discotmt, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise anv required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from x^ to 90 per cent.. Tables of Discount frx>m il to 98I per cent., 
and Tables of Commission, &c., from | to 10 per cent. By Henry Harbbn, 
Accotmtant. New Edition, Corrected. Demy 8vo, half-bound . iSI 6t, 
" A book such as thto can only be appreciated by bushiess men. to whom the saving of time 

means saTing of money. The work must prove of great value to meichants, manuActurers, and 

general traders."— SrMf A Trmdt yimmai. 

TABLES OF WAGES. 

At 54, 5a, 50 and ^8 Hours per Week. Showing the Amounts of Wages fit>m 
One qtiarter of an nour to Sixty-four hotirs, in each case at Rates of Wages 
advancing by One Shilling from 4s. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
X foot by 6 in. by \ in. to xo feet by k feet by t in. Worked out on the Basis of 
40 lbs. to the square foot of Iron of x inch in thickness. By H. Burunson 
and W. H. Simpson. 4to, half-bound £1 6t. 

MATHEMATICAL TABLES (ACTUARIAL). 

Comprising Commutation and Conversion Tables, Logarithms. Cologarithms. 
Antilogarithms and Reciprocals. By J. W. Gordon. Royal 8yo, mountea 
on canvas, in cloth case. [Just Pubiishtd, ^jQ 
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AGRICULTURE, FARMING, 
GARDENING, ftc. 



THE COMPLETE QRAZIBR AND PARMER'S AND 

CATTLB BRBBDBR'S ASSISTANT. 

A Compendium of Husbandly. Originally Written bv William Yooatt. 
Fourteenth Edition, entirely Re^written, considerably Enlarged, and brought 
up to Present Requiremenu, by William Frbam, LL.D.. Assistant Com* 
missioner, Royal Commission on Agriculture, 1893, Author of " The Elements 
of Agriculture," &c. Royal 8vo, i,xoo pp., with over 450 Illustrations, 
handsomely bound. ijuii Ptiblisfud. iSI lit, 60. 

Summary op Contbnts. 
Book I. on thb Vakibtibs, Brbboing, 

Rbajung. Fattbninc and Manacb- 

MBNT OF Cattle. 

BOOK IL ON THB ECONOMY AMD MAN- 

agbmbnt op thb dairy. 
Book hi. on the brbbding, rbaking, 

AND MaNAGBMBNT OP HORSBS. 

Book iv. on thb brbedinc, rearing. 

AND Fattbninc op shbbp. 
Book v. on the brbbding, rbarznc, 

AND Fattening op swine. 



Book vil on the breeding. Rearing. 

AND Management op Poultry. 
Book Vlii. on Farm Oppices and 

implements op Husbandry. 
Book IX. on the Culture and ICan« 

AGBMBNT OP GRASS LANDS. 

Book X. on thb cultivation and 
application op grasses, pulse and 
Roots. 

Book XI. On Manures and their 

APPLICATION TO GRASS LAND AND 
BOOK VI. ON THE DISEASES OP LiVR CROPS. 

STOCK. , BOOK XII. MONTHLY CALENDARS OF 

' Farmwork. 
*•* Opinions op thb Press on thb New Edition. 

" Dr. Frawn Is to be congratulated on the successfuJ attempt he has made to give ns a work 
which win at once become the standard classic of the Cann practice of the coantiy. We believe 
that it win be found that it has no compeer among the many worlu at preaeat in entt en ce. . . . 
The iHustradons are admirable, while the frontispiece, which represents the weU-known bull. 
New Year's Gift, owned bjr the Queen, is a woric of art "— TTkc Times. 

" The book must be recognised as occupying the proud position of the oiost eih a us i i re work 
of reference in the English language on the subject with which it d9ah.''—AtJUiunmt. 

" The most comprehensive guide to modem Carm practice that exists in the EngUsh language 
to-dmy. . . . The book is one that ought to be on every Cum and in the library of every land 
owner. "^Mark Lmnt Express. 

" In point of exbaustiveneas and accuracy the work will certainly hold a pt<e.eminent and 
nnlque porition among books dealing with scientific agricufcnral practice. It is. in Cact, an agilcul- 
tnnd library of itsel£'^yWrt* British AfriaUtttrist. 

" A compendium of authoritative and well-ordered knowledge on every conceivable branch of 
the work of toe live stock farmer; probably without an equal in this or any other country. "« 
r^rJksJUrt P»st. 

FARM LIVE 5T0CK OP GREAT BRITAIN. 

By Robbrt Wallacb. F.L.S., F.R.S.E.. &c, Professor of Agricnlttire utd 

Rural Economy in the University of Edinourgh. Third Edition, thoroughly 

Revised and considerably Enlarged. With over iso Phototypes of Prize 

Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . 1 2/6 

"A really complete work on the history, breeds, and management of the turn stock of Great 

Britain, and one whkh is likely to find its way to the shelves of every country gentleman's libcaiy." 

—TTU Times. 

" The latest edition of * Farm Live Stock of Great Britain ' is a production to be proud of^ and 
its issue not the least of the services which its author has rendered to agricultural science. ".- 
Scottish Farmer. 

"The book is very attractlre. . . . and we can scarcely imagine the eadstence of a 
farmer wtio would not like to hare a copy of this beautlAtl and useful work. — ^arik Lane Ej^rtss. 

NOTE-BOOK OP AGRICULTURAL PACT5 & PIQURES 

FOR FARMERS AND FARM STUDENTS. 

By Primrosb McConnell, B.Sc., Fellow of the Highland and Agricultural 
Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 
and greatly Enlarged. Fcap. 8vo, 480 pp., leather, [/aw/ PublisketL 6/0 

Summary of Contents : Survbyinc and Levelling. — Weights and 
Measures. — Machinery and Buildings. — Labour. — operations. — Draining. — 
Embanking.— Geological Memorand>» — soils,— Manures.— Cropping.— Crops.— 
Rotations. — Weeds,— Feeding. — Dairying.— Liv'^ STtxric — Horses. — Cattlb.— 
Shhep.— Pigs.— Poultry.— Forestry.— Horticulture,— Miscellaneous. 

" No fanner, and certainly no agricultural student, ought to be without this m uUum in ^rf 
OBannal of all subjects connected with the fum,"— -North British AgricuUurist. 

" This Uttle pocket-book contains a large amount of useful in/onnation upon all kinds of Sffri. 
cttlturil subjects. Something of the kind has long been wanted."— ^arA Lmne Express. 

" The amoimt of information It contains Is most surprising ; the arrangement of the matter is 
tiT merhmlk'al althmigh tfrrTmirnwii ■« tir H JnttntotHf Tnmrnrmvk'' t-^'tf ■ g««-"^»K»^yK 
its pages. They teem with infonnatloo."— ^<arMi mmd utme. 
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BRITISH DAIRYING. 

A Huid^r Volume od the Work of the Dmiry-Farm. For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy- 
Farmer. By Prof. J. P. Shbldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth. [JustPublisfud. 2/6 

" Confide nt ly reconunended as a uaaAil text-book on daby tanaiBg.'''~jtgriatUitmi Gtuettt. 

" Probably the best half-crown manual on dairy work that has yet been produced."— Alvrdk 
BriHsh Arriculhtrist. 

" It is the soundest little work we have yet seen on the subject "—THw Tinus. 

MILK, CHBBSB, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dauy Institute, 
Berkeley. With Coloured Plates and aoo Illustrations. Crown 8vo, cloth. 

7/6 

" An exhausttve and masterly production. It may be cordially recommended to all students 
and practitioners of dairy science. —7V#r<:* British Agriculturist, 

'* We recommend this yery comprehensive ana carefully- written book to dairy-farmers and 
students of dairying. It is a distinct acquisition to the library of the agriculturist. —Agricultural 
GaMtm. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introducticm to Modem Farm 
Practice for Small Farmers. By R. Scott Burn, Author c^ " Outlines of 

Modem Farming," &c. Crown 8vo, cloth 6/0 

" This is the completest hock, of its class we have seen, and one which every amateur futamx 
will read with pleasure, and accept as a guide."— /^«</<^ 

OUTLINES OF MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops — Farming and Farming 
E^conomy — Cattle^ Sheep, and Horses — Management of Dairy^ Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One 
Vol., 1,250 pp., half-bound, pr(^usely Illustrated 1 2/0 

FARM ENGINEERING, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines; 
Field Implements and Machines ; Agricultural Surveying, &c. Bv Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 

" Written with ffreat care, as weU as with knowledge and ability. The author has done his 
work well ; we have found him a very trustworthy gfuide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— ifarA Lan4 Exprtss. 

THE FIELDS OF GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary auid Advanced Students. By Hugh 
Clements (Board of Trade). Second Edition, Revised, with Additions. 

i8mo, cloth 2/6 

" It is a long time since we have seen a book which has pleased us more, or which contains 
such a vast and useful fund of knowledge." — Educational Times. 

TABLES and MEMORANDA for FARMERS, GRAZIERS, 

AGRICULTURAL STUDENTS. SURVBYORS, LAND AQBNTS, 
AUCTIONBERS, &c. 

With a New System of Farm Book-keeping. By Sidnky Francis. Fifth 
Edition. 2^2 pp., waistcoat-pocket size, limp leather . . . • 1 /B 
"Weighing less than t oz., and occupvlngno more space than a match-box, it contains a mass 
of focts and calculations which has never before, in such handy form, been obtainable. Every 
operati<Mi on the farm is dealt with. The work may be taken as thoroughly accurate, the whole oif 
the ubles having been revised by Dr. Fream. We cordially recommend it."— BeWs H^etMty 
Messenger. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LESSONS FOR FARMERS. 

Part L Stock. Part II. Crops. By C. J. R. Tipper. Crown 8vo, cloth. 

[Just Publishtd. 8/6 
" We have no doubt that the book wiU be welcomed by a large class of fanners and othecs 
interested in agriculture."— ^SteMi/jnf. 
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FERTILISERS AND FEEDING STUFFS. 

A Huidbook for the Practical Fanner. By Bernard Dybr, D.Sc. (Lond.) 

With the Text of the Fertilisers and Feeding Stuffs Act of 189^, &c. Third 

Edition, Revised. Crown 8vo, cloth. [Just Published, 1 /Q 

"This Uttle book is precisely what it professes to be— *A Handbook for the Practical 

Fanner.' Dr. Dyer has done fanners irood service in placing at their disposal so much useftil 

Inlonnation in so intelligible a form." —The Timts. 

BEES FOR PLEASURE AND PROFIT. 

A Gtiide to the Manipulation. of Bees, the Production of Honey, and the 
General Management of the ' Apiarv. By G. Gordon Samson. With 
numerous lUtistrations. Crown 8vo, cloth 1/0 

BOOK-KEEPING for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a Svstem adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 

Second Edition, Revised. Crown 8vo, cloth 2/6 

" The volume is a capital study of a most important subject."— ^^rrfM//Wr«/ GasttU. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound AV/ 7/6 

"Contains erery requisite form for knepkkg fiurm accounts readfly and accurately. "— 
AgriatUurt, 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samuel Wood. Crown 8vo, cloth 3/6 

" A good book, containing a great deal of valuable teaching.**— GMfirfrfMrx' Magmsimt, 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. Bt S. Wood. Fourth 
Edition, with considenble Additions, and numerous Illustrations. Crown 

8vo, cloth 8/6 

*■ A very good book, and one to be highly recommended as a practical guide. The practical 
directions are ea c ePe n t. "--AtMttuemtt. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce ;C63o a yearly the Cultivation 
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses, 
so as to realise 2i76 per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening, &c Sixth Edition, Crown 8vo, sewed • 1/0 

" We are bound to recommend it as not only suited to the case of the amateur and gentle- 
man's gardener, but to the market gTOfnx.''—GmrtUturs' Magmnnt. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 3/6 
*' Full of shrewd hints and useful instructions, based on a lifetime of experience."— ^oKi rwii . 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, hue Editor of (Mcn^kiw^ ///M/nsi;r</. Ooth . . 3/6 
" Tte iMMC vakiable compendliim of Idtcben and market-gardea woric pubUshed."— AirwM-r. 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, &c. 

INWOOD'5 TABLB5 FOR PURCHASING B5TATB5 
AND FOR THB VALUATION OP PROPBRTIBS, 

Including Advowsons, A&surmnce Policies, Copyholds, Deferred Annuities, 
Freeholc^ Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases. Reversions, Sinking Funds, 
&c., &c. a6th Edition, Revised and Extended bv William Schooling. 
F.R.A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Jusi Publuktd. Net BIO 
** Those Interested in the purchase and tale of estates, and in the adjustment ofcompensatioo 
cases, as weQ as in transactions in annuities, life insurances, &c. win and the pteeeot edition of 
eminent %evtic«.''—Eftein«trwg. 

"This valuable Dock has been consider«bly enlart^ and improved by tlie labours of 
Mr. SchooUnfr. and i« now very complete indeed."— £f<»»f#m^x/. 

" Altogether tbi5 edition will prove of extreme value to many classes of professional men in 
saving them many long and tedious calculations.''— /wtvj/c^rx' Rtview. 

THE APPRAISER. AUCTIONEER. BROKER. HOUSE 

AND BSTATB AOBNT AND VALUBR*5 POCKBT A55I5TANT. 

For the Valuation for Purchase, Sale, or Renem^ of Leases, Annuities, and 

Reversions, and of Property generally : with Prices for Inventories, &c. By 

John Whbblbr, Valuer, &c. Sixth Edition. Re-written and greatly Extended 

by C. NoKRts, Stirveyor, Valuer, &c. Royal 3amo, doth . 5/0 

" A neat and concise book of reference, containing an admirable and clearly.amnged Bst of 

prices for inventories, and a venr practical guidj to determine the value of furniture, &c. "-^^tandmrdU 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 

sale, or ranewal of leases, annuities and reversions, and of property generally, with prices fix 

inventories, and a guide to determine the value of interior fittings and other effects."— i^M^d^. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instmctioo and Counsel for the Voimg Atictioneer. By Robbkt 
SQtJiBBS, Auctioneer. Second EUlitioD, Revised and partly Re-written. Demy 

8vo,clolh 12/6 

"The standard text-book 00 the topics of which it xxvUCkT—Athininim. 
"The work is one of general excellent character, and gives much information in a com- 
pendious and satisfactory form."— ^xAUrr. 

" May be recommended as giving a great deal of Infoimatioii on the law relating to 
auctioneers, in a very readable form. — Z^rw Journal. 

"Auctione ers may be congratulated on having so p l ee rin g a writer to minister to their special 
needs. "~-SolicUors' JpHTfml, 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Realisation; Forms of 
Valuations of Tenant Right ;^ Lists of Locaj Agricultural Customs ; Scales of 
Compensation tinder the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts, &c By Tom Bright, Agricul* 
tural Valuer. Author of ''The Agricultural Siurveyor and Estate Agent's 
Handbook." Fourth Edition, with Appendix containing a Digest of the 
Agricultural Holdings Acts, 1883 and 1900. Crown 8vo, cloth. 

\jMst Published. Net 6/0 
" Fun of tables and examples in connection with the valuation of tenant-right, estates, labour, 
contents and weighu of timber, and form produce of all \;xaA%.''-'Agrici*Uural GoMtttt. 

"An eminently practical handbook, full of practical tables and data of undoubted interest and 
vahie to surveyors and auctioneers in preparing valuations of all \Ad.6m.''— Farmer. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on E^mating the Cost of Fmning, Renovating, 
Improving, and Grubbing Plantaucms and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
8vo, cloth 8/6 



"To valuers, foresters and agents it will be a welcome aid."— A^«fM British Agricuiturist. 
" Wen calculated to assist the valuer hi the discharge of his duties, and of undoubted inter 
and use both to surveyon and auctioneen in preparing valuatloas of aU Unds "— JTcm/ Heraid, 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formula, Tid>les, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and otheis interested in the 
Equipment, the Management, or the Valuation of Landed Estates. B^ 
Tom Bright, Agricultural Surveyor and Valuer, Author <rf "The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

L^w/ PuhlUktd. Net 7/6 

•• An exceedingly useful book, the contents of which are admirably chosen. The cUsses for 
whom the work is intended will find it convenient to have this comprehensive handbook accessible 
for reference."— Aft* Stock youmat. 

" It is a sinffularly compact and well Informed compendium of the facts and figures likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addresHcd."— 5<v/^maw. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calctdating the Value of 
Estates. With Tables for reducing Scotch, Insh, and Provincial Customary 
Acres to Statute Meastire. &c. By R. Hudson, C.E. New Edition. 

Royal 39mo, leather, elastic oand AlO 

" Of <i«^k'!'«H* value to the coontty gentleman and pro fess i on a l man."— /uwwmtx' youmat. 

THE LAND IMPROVER'S POCKET-BOOK. 



" A compendious and bandy little volume."— iu^«dl«ilw. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and 
Compulsory Sale of Houses and Land^ including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Infonnation on Building and on the 
ri^ht use of Decorative Art. By E. L. Tarbdck, Architect and Surveyor. 
Sixth Edition, xamo, cloth O/O 

" The advice Is thoroughly practkaL**-— Z^rw y»timat, 

" For ail who have dealings with house property, this is an Indispensable guide."— Z>r<vrttA^. 

" Carefully brought up to date, and much improved by the addition ot a division on Fine 
Art. A weU-wrttten and thoughtful work."— ZoW Agtmts Reeord. 



LAW AND MISCELLANEOUS. 
MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Voimg Journalist. By Johm 
B. Mackib, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 
*' This invaluable guide to journalism Is a work which all aqjiiants to a Journalistic cateer will 
reed with advantage."— yMrMo/irr. 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramwavs^ Gas and Water Works, &c. 
By L. LiviNGSTONB Macassbv, of the Middle Temple, Barrister*at-Law, 
M. Inst. C.E. 8vo, cloth £1 5a. 

PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardincham, Assoc Mem. Inst. C.E., &c Demy 8vo, cloth '1/6 

CONCILIATION a^ ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Brief Sutement c^ the Present Position of the 
Question at Home and Abroad. By I. S. Jsans, Author of " England's 
Supremacy," &c. Crown 8vo, aoo pp., doth 2/6 
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48 CROSBY LOCKWOOD S' SON^S CATALOGUE. 
EVERY MAN»S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Cooctae 
Dictionary of Legal Tenns. By A Barristrk. Thirty-eighth Edition, 
care^lly Revised, and including New Acts of Parliament of 1900. Com* 
prising the Cant/anus Act, /goo; the Monfy-Lenders Act, iqoo; the w4.frj- 
cultural Holdings Act, iqck): the IVork men's Compensation Act, iQOo; the 
IVild Animals in Captivity Protection Act, igoo ; tnc Finance Act, tgoo, and 
other enactments of the year. Judicial Decisions during the year have also 
been duly noted. Crown 8vo, 750 pp., strongly bound m doth. 

Uust Publisfud, 6/8 

•»• This Standard Work 0/ Reference forms a Completb Epitomb op the 
Laws of England, comprising {<atnongst other matter) i 

Thk Rights and wrongs of individuals— Landlord and Tenant— Vendors 
AND Purchasers— Leases and Mortgages— Principal and agent— Partnership 
and Companies— Masters. Servants and workmen— Contracts and agreements 
—Borrowers, Lenders and sureties— Sale and Purchase of Goods— Cheques, 
Bills and Notes— Bills of sale— Bankruptcy— Railway and Shipping Law- 
Life, Fire, and Marine Insurance-Accident and Fidelity Insurance— Criminal 
Law— Parliamentary Elections— County Councils— District Councils— Parish 
Councils— Municipal Corporations— Libel and Slander— Public Health and 
Nuisances— Copyright, Patents. Trade Marks— Husband and Wife— Divorce- 
Infancy— Custody OF Children— Trustees and Executors— Clergy. Church- 
wardens. &c.— Game Laws and Sporting— Innkeepers— Horses and Docs— taxes 
AND Death duties— Forms of agreements. Wills, Codicils, Notices. &c 

HT Tht object ^ this work is to enttble those -mho consult it to kelp themselves to the 
law ; and thereby to dispense, as far as Possible, with pro/essional assistance and advice. There 
art many wrongs and grievances which persons submit to from time to ti$fu through not 
knowing horn or where to apply for redrtss : and many persons have as great a dread ^a 
lawyer's office as t/a lion's tun. With this book at hand it is believed that many a SIX-AND. 
ElGKTPENCE may be saved : many a wrong redressed ; many a right reclaimed ; many a law 
suit avoided ; and many an evil abated, jTu work has estabhshed itself as the standard legal 
adviserof all classes, and has also made a reputation for itsel/ as a us^/Ul book 0/ reference /or 
tawers residing at a distance /rom law libraries, who are glad to have at hand a work 
embodying recent decisions and enactments. 

Opinions op thb Prbss. 

" It b a complete code of English Law wfltten in plain language, which all can undentand. 

. . . Shouldbeinthehandsoferaty busin«« man, and all who wish to abolish lawyers bills. "— 
IVeekly Times. 

• * A useful and condae epitome of the law, comf^ed with condderable care. "—Law Hiagamine, 

" A complete digest of the most useful facts whkh constitute English law."— ^^^r. 

"This excellent handbook. . . . Admirably done, adntitably arranged, and admiiably 
cheap." — I^girfr Mercury 

" A condae, cheap, and complete epitome of the English law. So plainly written that he who 
runs may read, and be who reads may understand. " — Figaro, 

• • A dictionary of legal facts wdl put together. The book is a rery useful one."— «^^<rteil#r. 

THE PAWNBROKER'S, FACTOR'S. AND MERCHANT'S 
aUIDB TO THB LAW OP LOAN5 AND PLBDOe5. 

With the Statutes and a Digest of Cases. By H. C. Folkard, Banister-at- 
Law. Cloth 3/6 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Sututes by T. F. Uttlby, 
Solicitor. Fcap. 8vo, cloth 3/6 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(1878- 1891). For the Use of Manufacturers and Managers. By Emils 
Garcke and J. M. Fklls. (Reprinted from "Factory Accounts.") 
Crown 8vo, sewed 60. 

BRADBURY, AGNEW, & CO. LD., PRINTERS, LONDON AND TOXBRIDGE. 
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WEALE'S SERIES 



OP 



SCIENTIFIC AH" TECHNICAL 

WORKS. 



*' It is not too much to say that no books have ever proved more 
popular with or more useful to young engineers and others than the 
excellent treatises comprised in W sale's Series."— Engineer. 
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2 WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 

CIVIL ENGINEERING <& SURVEYING. 

CiYlI Bngineerintf. 

By HsNKY Law, M.InsuC.E Including a Treatise on Hydraulic 
Enginbbring by G. R. Burnbll, M.LC.E. Seventh Edition, revised, 
with Large Additions by U. K. Clark, M.I.CE. . . 6/6 

Pioneer Bn^ineerintf: 

A Treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By Edward Dobson, M.Inst.CE. 
With numerous Plates. Second Edition 4/6 

iFon Bridges of Moderate Span: 

Their Construction and Erection. By Hamilton W. Pbndrbd. With 40 
Illustrations 2/0 

Iron and Steel Bridges and Yiaduota. 

A Practical Treatise upon their Consitruction for the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E. With numerous 
Illustrations 3/6 

Constructional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, CE 3/6 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and Conway TubuLnr Bridges. By G. Drysdalb 
Dbmpsby, C.E. Fourth Edition 2/0 

Materials siid Construction: 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.E. . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charlbs Slagg, Assoc M.Iiist.C.E. Third Edition . . 3/0 

Roads and Streets (The Construction of). 

In Two Parts: I. Thb Art of Constructing Common Roads, by H. 
Law, C.E., Revised by D. K. Clark, C.E. ; II. Recent Practicb: In- 
cluding Pavemenu of Wood, Asphalte, &c By D. K. Clark, C.E. 4/6 

Oas Works (The Construction of), 

And the Manufacture and Distribution of Coal Gas. By S. Hughbs, CE. 
Re-written by William Richards, C.E. Eighth Edition . . 5/6 

Water Works 

For the Supply of Cities and Towns. With a Description of the Principal 
Geological Formations of England as influencing Supplies of Water- By 
Samubl Hughes, F.G.S., C.E. Enlarged Edition .... 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Josbph Glynn, F.R.S. New Edition . 2/0 

Wells and Well-Sinking. 

By John Gbo. Swindell, A.R.I. B.A., and G. R. Burnbll, C.E. Revised 
Edition. WithaNew Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Ijands, Towns, and Buildings. 

By G. D. Dbmpsby, CE. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.I.CE. Third Edition . . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowinc up of 
Bridges. By Gen. Sir J. Burgoynb, K.C.B f /6 

Vonndations and Concrete Works. 

With Practical Remarks on Footing?, Planking, Sand, Concrete, B^ton, 
Pile-driving, Caissons, and Cofferdams. By E. Dobson, M.R.I.B.A. 
Eighth Edition | /q 
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Including Acoustics and the Phenomena of Wind Currents, for the Use of 
Beginners. By Charlbs Tomlinson, F.R.S. Fourth Edition . 1/0 

Land and Bn^ineerintf Sarveyintf. 

For Students and Practical Use. By T. Bakbr, CE. Eighteenth Edition, 
Revised and Kxtcnded by F. E. Dixon. A. M. In»t. C.E.. Professional Asso- 
ciate of the Institutiun ot Surveyors, with numerous lUustrations and two 
Lithographic Plates \J ust publishtd 2/0 

Mensuration and Measuring. 

For Students and Practical Use. With the Mensuration and Levelling of 
Land for the purposes of Modern Engineering. By T. Hakbk, C.E. New 
Edition by E. NUCE.NT, C.E 1/6 



MINING AND METALLURGY. 
Mineralo^, 

Rudiments of. By A. Ramsav, F.G.S. Fourth Edition, revised and 
enlarged. Woodcuts and Plates 3/6 

Coal and Goal Mining, 

A Rudimentary Treatise on. By the late Sir Wahincton W. SMVm, 
F.R.S. Eighth Edition, revised and extended by T. Forstbr Brown. 

\Just published 3/6 

MotalluFgy of Iron. 

Containing Methods of Assay, Analyses of Iron Ores, Processes of Mama- 
facture of Iron and Steel, &c. By H. Baubrman. F.G.S. With numerous 
Illustrations. Sixth Edition, revised and enlarged .... 6/0 

Tho Mineral Surveyor and Valuer's Complete Guide. 

By W. LiNTBRN. Fourth Edition, with an Appendix on Magnetic andl 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, Practical, and Commercial. By D. C. Davibs, F.G.S. With 
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0 

A First Book of Mining and Quarrying, 

With the Sciences connectt^d therewith, for Primary Schoob and Self In* 
struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fbnwick and T. Bakbr, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 235 Illustntioui of Mining 
Tools, drawn to Scale. 4to 4/o 

Physical Geolo^, 

Partly based on Major-General Portlocic'» " Rudimenu 9f Geology." 
By RalphTatb, A-L.S., &c. Woodcuto 2/0 

Historical Geology, 

Partly based on Major-General Portlock's *' Rudiments." liy Ralth 
Tatb, A.I«S., &c. Woodcuts 2/6 

Geology, Physical and Historical. 

Consisting of " Ph>'8ical Geology," which sets forth the Leading Principles 
of the Saence ; and " Historiou Geology," which treats of the Mineral aiMi 
Organic Conditions of the Earth at each successive epoch. By Ralph 

Tatb. F.G.S 4/6 

flleotro-MetaUurgy, 

Practically Treated. By Albxandbr Watt. Tenth Edition, enlarged 
and revised, including the most Recent Processes 3/6 
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4 WEALE^S SCIENTIFIC AND TECHNICAL SEEIES. 

MECHANICAL ENGINEERING. 
Thm Vorkmaii's MaAiud of Bn|(ine«riii|( Drawiiuf. 

By John Maxton, Instructor ia Engineering Drawinjg;, Royal Naval 
Col^ge, Greenwich. Sev«)th Edition. 300 Plates and Diagrams . 3/6 

Fuels: Solid, Liquid, and Gaseous. 

Their Analysis and VaJoation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.CS., formerlv Analytical and Consulting Chemist 
to the Groat Eastern Railway. Third Edition 2/0 

Fuel, Its Gombustion and Boonomy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of Smoke." By C. W. Wiluams, A.I.C.E. With Exten- 
sive Additions by D. K. Clark, M.InsuC.E. Fourth Edition . 3/6 

The Boilermaker's Assistant 

In Drawing. Templating, and Calculating Boiler Work, &c. By J. Court- 
NBV, Practical Boilermaker. Edited bv D. K. Clark, CE. . 2/0 

The Boiler-Maker's Ready Reckoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers. Smiths, and Riveters. By John Courtney. Edited by D. K. 

Clark, M.I.CE. Fourth Edition 4/0 

%• Tk£ iast two Works in On* Volume^ half-bound, entitltd ** The Boilkr- 

maker's Rbadv*Rsckonrr and Assistant.'' By J. Courtney and 

D. K. Clark. Prict 7/0. 

Bteam Boilers: 

Their Construction and Management. By R. Armstrong, CE. Illustrated 

1/6 

Bteam and Maohinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale. M.Inst. M.E 2/6 

Bteam and the Steam Bntfine, 

Stationary and Portable. Beingan Extension of the Treatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, CE. Fourth Edition 3/S 

The Bteam Bntfine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men. By T. Baker, CE. t/S 

The Bteam Bngine. 

By Dr. Lardner. Illustrated t /6 

Looomotive Engines, 

By G. D. Dbmpsey, C.E. With large Additions treating of the Modem 
Locomotive, by D. K. Clark, M.Inst. CE 3/(> 

Looomotive Bn^ine-Drivintf. 

A Practical Manual for Engineers in charge of Locomotive Engines. Br 
Michael Reynolds. Tenth Edition. 34. dd, limp ; cloth boards . 4/S 

Btationary Bn|(ine-DriTing. 

A Practical Manual for Engineers ia charge of Sutionarr Engines. By 
Michael Reynolds. Sixth Edition. 3X. 6^. limp ; cloth boards . 4/& 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. £. Crane. 
Fourth Edition 2/6 

Modem Workshop Praotioe, 

As applied to Maruw, Land, and Locomotive Engines, Floating Dodcs» 
Dredging Machines, Bridges, Ship-building, &c By J. G. Winton 
Fourth Sdition, Illustrated . . 3/S 

Meohanioal Bngineering. 

Cominrising Metallurgy, Moulding, Casting, Forginff, Tools, Work^iop 
Machinery, Mechanical Manipulation, Manufacture of Ae Steam Engine, 
&c By Francis Campin, C.£. Third Edition .... 2/6 

Details of Machinery. 

Comprising Instructions for the Execnti<» of various Works b Iron in tlM 
Fittiog-Shop, Foundry, and Boiler>Yard. By Francis Campin, CE. 3/0 
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WEALE'S SCIENTIFIC AND TECHNICAL SERIEa 5 
Blttm«ntary Bntfineeidntf : 

A Muituu for Young Marine Engineers and Apprentices. In the Form of 

S'uestions and Answers on Metals, Alloys, Strength of Material, && 
y I. S. Brbwbr. Fourth Edition t /6 

Power in Motion: 

Horse>power Motion, Toothed- Wheel Gearing, Lons and Short Driving 
Bands Angular Forces, &c. By Jamks Armouk, C.E, Third Edition 2/0 

Iron and Iloat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, C.E. 2/6 

Praotioal Meohanism, 

And Machine Tools. By T. Bakbr, CE.* With Remarks oo Tools and 
Machinery, by J. N ASM YTH, CE. 2/6 

Meohanios : 

Being a concise Exposition of the General Principles of Mechanical Sdence, 
and Uieir Applications. By Charlbs Tomlinson, F.R.S. . .1/6 

Cranes (The Gonatruotion of), 

And other Machinery for Raising Heavy Bodies for the Erection of Build* 
bgs,&c By JosBPH Glynn, F.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By Jambs Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W. H. Rossbb 2/6 

Praotioal Navigation. 

Consisting of The Sailor's Sea-Booic, by Iambs Greenwood and W. H. 
RossER ; together with Mathematical and Nautical Tables for the Working 
of the Problems, bv Hbnry Law, C.E., and Prof. J. R. Young . 7/0 

Navigation and Nautioal Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematioal Tahles, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, CE. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropc& 
&c, relative to every class o7 vessels. By Robbrt Kipfing, N.A. . 2/0 

Sails and SaU-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, N.A. 2/6 

Marine Bngines and Steam Vessels. 

By R. Murray. C.E. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by Ukorgb Carlisle, C.E. . 4/6 

Naval Arohiteoture : 

An Exposition of Elementary Principles. By Jambs Peaks . . 3/6 

Ships for Ooean and River Service, 

Principles of the Construction of. By Hakon A. Sommbrpbldt . 1 /O 

Atlas of Bngravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Ninth Edition, with numerous Illustrations and 
Models 1/6 
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6 TVnEALES SCIENTIFIC AND TECHNICAL SERIES. 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Oonstraotional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, CE 3/6 

BuUdintf Bstates : 

A Treatise on the Development, Sale, Purchase, and Management of Build- 
ing Land. By F. Maitland. Third Edition 2/0 

The Soienoe of Building : 

An Elementary Treatise on the Principles of Constmction. By E. Wvnd- 
HAM Takn, M.A. Lond. Fourth Edition 3/6 

The Art of BoUding : 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Beckbtt, Q.C. (Lord Grim> 
THORPE). Second Edition 4/6 

Dvelling-HouBes (The Brection of), 

Illustrated by a Perspective View, Plans, and Sections of a Pair of Villas, with 
Specification, Quantities, and Estimates. My S. H. Hrooks, Architect 2/6 

Cottage Building. 

By C. Brucr Ali,bn. Eleventh Edition, with Chapter on Economic Cot- 
tages for .Allotments, by E. £. Allbn, C.E 2/0 

AoousticB in Relation to Architecture and Building : 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. RoGRR Smith, F.R.I. B.A, New Edition, Revised . -1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying ; Arch Drawing, Cuttinj;, and Setting ; 
Pointing ; Pavmg, Tiling, &c. By Adam Hammond. With 68 Woodcuts 

1/6 
The Art of Practical Brick Gutting and Setting. 

By Adam Hammond. With 90 Engravings | /6 

Brickwork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, &c. By F.WALKER 1/6 

Brioks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Principles of P.rtckmaking. By E. Dobson, M.R.LB.A. Additions bl 
C. ToMLiNSON, F.R.S. illustrated 3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tilb Making, by E. Dobson, M.Inst.CE.; 
Practical Bricklaying, by A. Hammond; Brick-cutting and Setting, 
by A. Hammond. 550 pp. with 270 Illustrations, half-bound . . 6/0 



Oarpentnr and Joinery— 

ThbEl 



LKMKNTARY PRINCIPLES OF Carpentrv. Chiefly composed from the 
Standard Work of Thomas Trkdgold, C.E. With Additions, and Treatise 
ON Joinery, by E. W. Tarn, M.A. Seventh Edition . . . 3/6 

Oarpentry and Joinery— Atlas 

Of 35 Plates to accompany and Illustrate the foregoing book. With 
Descriptive Letterpress. 4to . . . . ... 6/0 
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W£ALB'S SCIENTIFIC AND TECHNICAL SEBIES. 7 
A Praotioal Treatise on HandvAlIiiitf; 

Showing New and Simple Methods. By Geo. Collings. Second Edition. 
Revised, including a Trbatisb on Staikbuilding. With Plates . 2/o 

Oiroular Work in Oarpentnf and Joinery. 

A Practical Treatise on Circular Work of Single and Double Ctmrature. 
By Gborgb Collings. Third Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Worldnr 
Carpenters. By Geo. Collings 2/0 



The Gonatruotion of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison. Tredgold, and Humber. Br 
E. Wyndham Tarn, M. A., Architect Third Edition ... .1/6 

The Joints Made and Used by Builders. 

By Wyvill J. Christy, Architect. With i6o Woodcuts . . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gborob 
H. Blagrovk. With 31 Illustrations | /^ 

The Timber Importer's, Timber lfferohant*s, and 
Builder's Standard Guide. 

By R. E. Grandv 2/0 

Plumbing: 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Bi;chan. 
Eighth Edition, Re-wrritten and Enlarged, with 500 IUustrati<ms . 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
BucHAN, R.P., Author of " Plumbing," &c. With 170 Illustrations 3/6 

The Praotioal Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Ksmp 2/0 

BEonse Painting, Graining, Marblintf, ft Si^ Writing. 

With a Course of Elementary Drawing^ and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Edition. Coloured Plates . . 6/0 
*«* Tht abav€t in cloth boards^ strongly bounds 6/0 

A. Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By Gborgb FiBLa New 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 

Hlementary Deooration 

As applied to Dwelling Houses, &c By Jambs W. Facey. lUustzmt«d 2/0 

Praotioal House Deooration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By Jambs W. Facbt. 

2/6 
*•* Th4 last two Works in Ono kasuUomo VoL^ half-bouttd^ tntttUd " H0U8B 
Dbcoration, Eucmbntary and Practical," /rurr S/0 

Portland Cement for Users. 

By Hbnrv Faija, A.M.Inst.C.E. lliird Edition, Corrected . . 2/0 

Umes, Oements, Mortars, Concretes, Mastios, Plas- 
tering, fto. 

By G. R. BuRNBLL CE. Fifteenth Edition 1/6 
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Masonry and Bton«-Outting. 

The Principles of Masonic Projeciion and their application to Constnu^^ 
By Edward Dobson, M.R.I.B.A. 2/6 

Arohss, Piers, Buttresses, fto«: 

Experimental Eisays on the Principles of Coostniction. By W. Bland. 

l/O 

Quantities and Measurements, 

In Bricklayers', Masons', Plasterers' Plumbers', Painters*, Paperhangers', 
Gilders', Smiths', Carpenters' and Joiners' Work. By A. C Beatok 1 /6 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 

HoRTON. Sixth £dition 4/0 

*,* Tk* mbcv*, strongly bound in Untktr^ prict 6/0. 

lii^t: 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, En^neering, and other Applied Sciences. By E Wynd- 
ham Tarn, M. A., Author of " The Science of Building," &c. . . 1/6 

Hints to Toung Arohiteots. 

By Grorgb WiGHTwicK, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN Guillaumb, Architect 3/6 

Arohitecture—Orders : 

The Orders and their ^Esthetic Principles. By W. H. Lbkds. Illustrated. 

1/6 
Arohiteoture— Styles : 

The History and Description of the Styles c^ Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot Bury, 
F.R.I.B.A. Illustrated 2/0 

*«* Orders and Styi.bs or Architbcturs, in Ont VoL^ 3/6* 
Arohiteoture— I>e8ig;n : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbbtt. Architect Illustrated 2/6 

V Tk* three preceding IVorks in On* kandtom* VoL, half bound, entitled 
"Modern Architbcturk,"/^^ 6/0* 

Perspeotive for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Fainting, ftc 
By Gborcb Pynb 2/0 

Arohiteotural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. jBwrrr 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gbssbrt and Emanubl Otto Frombbxg. With 
an Appendix on Thb Art op Enamblung 2/6 

VitruTius— The Arohiteoture of. 

In Ten Books. Translated firom the Latin by Joseph Gwilt, F.S.A., 

F.R.A.S. With 93 Plates 6/0 

N.B,—Thit it the only Edition e^ViTRUVius procurable at a modtraU price. 

Greoian Arohiteoture;, 

An -Inquirr into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl op Abbrdbbn 1 /O 
%* The two Preceding Worke in One handsome Vol., ha{f bounds enHtUd 
*• Ancibnt Architkcturb," price 6/0» 
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INDUSTRIAL AND USEFUL ARTS. 
OmxnmntUf Pastes, Gluss, and Gums. 

A Practical Guide to the Manufacture and Application of the variou 
Agglutinants required for Workshop, Laboratory, or Office Use. With 
upwards of 900 Recipes and Formulae. By H. C. Standagb . . 2/0 

Clocks and tVatonss, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Beckett, Q.C (Lord 
Grimthorpe). Seventh Edition 4/6 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, R«dttcin|, 
Colouring, CoUeaing and Refining. Recovery of Waste, Solders, EnameU, 
&c, &c By Gborgb E. Gee. Fifth Edition 3/0 

The Silversmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. E. Gee. 3/0 
•»• TA^ iast two ty^rks, in One handtemt Vol., kal/bound, 7/0- 

The Hall-Markintf of Jewellery. 

Comprising an account of all the different A«ay Towns of the United 
Kingdom ; with the Stamps and Laws relating to the Standards and Hall* 
Marks at the various Assay Offices. By GBf>ROB £. Gee . . 3/0 

French Polishing and Bnamellintf. 

A Practical Work of Instruction, including numerous Recipes for making 
Polishes, Varnishes, Glaze- Lacquers, Revivers, &c. By R. Bitmead. 

\Just Published. 1 /6 

Praotioal Organ Building. 

ByW. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Ooaoh-Building : 

A Practical TreatUe. By Jambs W. Burgess. With 57 Illustratioos 2/6 

The Gabinet-lffaker's Guide 

To the Entire Construction of Cabinet-Work. By R. Bitmead. 

\Jutt PubUshed 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, Moulding, Turning, &c. By 
W. Graham 2/0 

The Sheet-Metal Worker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with 
46 Digrams. By W. j. E. Crane. Third Edition, revised . .1/6 

Sewing Machinery: 

Its Construction, History, &c. With full Technical Directions for Adjust- 
ing, && By J. W. Urquhart, C.E 2/0 

Gas Fitting: 

A Practical Handbook. By John Black. New Edition . 2/6 

Construction of Door Looks. 

From the Papers of A. C. Hobbs. Edited by C. Tomunson, F.R.S. 2/6 

The Model Locomotive Bn^ineer, Fireman, and 
Bntfine-Boy. 

By Michael Reynolds 3/6 

The Art of Letter Painting made Basy. 

By J. G. Badenoch. With la full-page Engravings of Examples . 1 /6 

The Art of Boot and Shoemaking. 

Including Measurement, Last-fitting, Cntring-oat, Closing and Making. Bv 
John Bedford Lbno. With numerous Illustrations. Fourth Edition 2/0 

Mechanical Dentistry: 

A Practical Treatise on the Construction of the Various Kinds of Artififcial 
Dentures. By Charues Hunter. Fourth Edition . . . 3/0 

Wood Bntfravintf: 

A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /6 



A Handbook for Use in Private and Public Laundries. By the Editor of 
*• The Laundry JoumaL" 2/0 
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AGRICULTURE, GARDENING, ETC, 
Dndnintf and Bmbankintf: 

A Practical Treatise. By Prof. John Scott. With 68 Illustrations 1 /6 

Irrigation and Wat«r Bnpply: 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, ftc; 
on the Construction of Wells, Ponds, Reservoirs, &c By Prof. JfoHN 
Scott. With 34 Illustrations t /6 

Farm Roads, Fenoes, and Oatos: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Enclosures ; and the different kinds of Fences, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1/6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms^ 
their Arrangement and Construction, with Plans and Estimates. By Pro^ 
John Scott. With 105 Illustrations 2/0 

Bam Implements and Machines : 

Treating of the Application of Power and Machines used in the Threshing* 
ham, Stockyard, Dairy, &c. By Prof. J. Scott. With XS3 Illustrations. 

2/0 
Field Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, Ac By Prof. John Scott. With 138 Illustrations 2/0 

A^oulturai SuFveyin^ 

A Treatise on Land Surveym 

for Valuing Estates. By ProT.' J. Scott. With 6a filustrations . t /6 



A Treatise on Land Surveying, Levelling, and Setting-out ; with DirectioDS 
- - i 9 . - g^:j»j^ 



Farm Bn^ineerin^. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound ... 1 2/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm; Stock; Contract Work; 
Labour, &c. By R. Scott Burn 2/o 

Outlines of Landed Bstates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 

Farms, Roads. Fences, Gates, Drainage, &c By R. Scott Bukn . 2/6 

*,* TA* aSov* Txoo Vols, in One, handsomely half-bonnd^ price 6/0 

Soils, Manures, and Crops. 

(Vol. I. Outlines of Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming Boonomy. 

(Vol II. Outlinks of Modrrn Farming.) By R. Scott Burn 3/0 

Btook: Cattle, Sheep, and Horses. 

(Vol. III. Outlines ok Modern Farming.) By R. Scott Burn 2/6 

]>airy. Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Sewage, Irrigation, and Beclamation 
of Waste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6 

Outlines of Modem Farming. 

By R. Scott Burn. Consisting of the above Five Volumes b One, 
1,350 pp., profusely Illustrated, half-bound . . 1 2/0 
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Book-k«eping for Farmars and Estate Owners. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Editioo. revised . 2/6 

Ready Reckoner for the Admeasurement of Land. 

By A. AsMAN. Fourth Edition, revised and extended by C Norjus 2/0 

Miller's, Ck>m Merchant's, and Farmer's Readj 
Reckoner. 

Second Edition, revised, with a Price List of Modem Floor Mill Machinery, 
by W. S. HuTTOH, CE 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Strav 
Dealers, &c. By John Stbsui 2/0 

Meat Production. 

A Mannxd for Producers, Distributors, and Consumers of Butchers' Meat 
By John Ewart 2/6 

Sheep: 

The History, Structure, Economy, and Diseases oL By W. C. Spoonbk, 
M.R.V.S. Fifth Edition, with fine Engravings 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of " Gardening Illustrated " . • . 3/0 

Kitchen Gardening Made Easy. 

Showing the beta means of Cultivating every known Vegetable and Herb, 
&c, with directions for management all the year round. By George M. F. 
Glbnnv. Illustrated 1/6 

Ck»ttage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobdat. 

1/6 

Garden Receipts. 

Edited by Charuis W. Quin 1/6 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Breuiu Fifth Edition, carefully Revised by George Gi.bknv. With 
i87Woodcuu 3/6 

The Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c By Samdel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the PruninK of Fruit Trees. Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1/6 

•,• 7Vk/ alove Two Vols, in Oru, handsomely ha{/-hound^ prict 3/6 

The Art of Grafting and Budding. 

By Charles Baltbt. With Illustrations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
Dttsoriptive Geometry, 

An Elementary I'reatise on ; with a Theory of Sliadows and of Perspective, 
extracted from the French of G. Mongb. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J . F. Hkathbr, 
M.A. With 14 Plates 2/0 

Praotioal Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Groiwd. By J. F. H bather, M.A. 
With 2X5 Woodcuu 2/0 

JLnalytioal Geometry and Ck>nio Beotions, 

A Rudimentary Treatise on. Bv Jambs Hann. A New Editi<Mi, re> 
written and enlarged by Professor J. R. Young .... 2/0 

Bttolid <The Elements of). 

With many Additional Proposiiions and Explanatory Notes; to which is 
prerixed an Introductory Elssay on Loj^c. By Henry Law, CE. . 2/6 

•»* SoM also se^rnteiv, viz: — 
Euolld. The First Three Books. By Henry Law, CE. . . .1/6 
Buolld. Books 4, 5, 6, ti. la. By Henry Law, CE. . .1/6 

Plane Trigonometry, 

The F^lements of. By James Hann 1/6 

Spherical Trigonometry, 

I'he Elements of. By Jambs Hank. Revised by Charles H. Dow- 
ling, CE 1/0 

•," Or with " TheBlemenis <y/ Plant Trigonoitutry" in Otu Volume^ 2/6 

Differential Calculus, 

Elements of the. By W. S. B. Woolhousb, F.R.A.S., &c . .1/6 

Integral Galculue. 

By HoMBRSHAM Cox, B. A. 1/6 

Algebra, 

llie Elements of. B^ Jambs Haddon, M.A. With Appendix, conuininc 
Miscellaneous Investigations, and a Collection of Problenu . . 2/0 

A Key and Compsinion to the Above. 

An extensive Repository of Solved Examples and Problems in Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Conunerdal Phrases and Forms in English, French, Italian, and 
German. By James Haddon, M.A 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles', and numerous Examples for Practice. For the Use of Sdiools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Bel&st College. Thirteenth Edition 1/6 

A Key to the Above. 

By J. R. Young 1/8 

Bquational Arithmetic, 

Applied to Questions of Interest, Anntiities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatlj 
facilitated. By W. Hips LEV 1/6 

Arithmetic, 

Rudimentarv, for the Use of Schook and Self-Instruction. By James 
Haddon, M.A. Revised by Abraham Arman • 1/6 

A Key to the Above. 

By A. Arman 1/6 
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Mathematioal Instniments : 

Hieir Construction, Ad|ustm«nt, Testing, and Use concisely Explained. 
By J. F. Hbathbk, Al.A., of the Royal Militaiy Academy, Woolwich. 
Fourteenth Edition, Revised, with Additiom. by A. T. Walmislbv, 
M.I.C.E. Oripnnal Edition, in i vol., IIlustrat«!d .... 2/0 

•»• In ortUrinf the abffott be careful to s^ *' Orig^inai Edition" or rive the 
number m the Series (33), to distinguish it from the Enlarged Edition in 
3 vols, {fu foUowsS^ 

Drawing and Measuring Instruments. 

Including-^I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plams. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather. M. A 1 /S 

Opticukl Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Pians by Photography. By J. F. Hbathbk, 
M.A. illustrated t/Q 

Surveying and Astronomical Instruments. 

Indudmcj— I. Instruments used for Determinine the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Ob- 
servations. By J. F. Hbathbr, M.A. Illustrated. -1/6 
*,• The above three volumes form an enlargement qf the Author* s original work, 
** Mathematical Instruments^ price 2/0* {Described at top of page.) 

Mathematical Instruments: 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 
Measuring, OpticaK^ Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the moat part entirely re-wntten. 
The lluee Paru as above, in One thick Volume. .... 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
cul.iti<ms with unexampled rapidity and accuracy. By Charles Hoare. 
CE. With a Slide Rule, in tuck of cover. Seventh Edition . . 2/6 

Logarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calctilations. By Henrv Law, CTE. Revised Edition . . . 3/O 

Compound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Intere<, 
Discount, Annuities, &c., in all their Applications and U^s for Mercantile 
and State Purposes. By Fedor Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For 1 ngonomeirical. Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Mathematics, 

As applied to the Coostmctive Arts. By Francis Campin, CrE., &c 
Third Edition 3/0 

Astronomy. 

By the Tate Rev. Roebrt Main, F.R.S. Thm) Edition, revised and cor- 
rected to the Present Time. By W. T. Lvnk. F.R.A.S. . . 2/0 

Statics and Dynamics. 

The Principles and Practice of. Embracing also a clear development of 
Hjrdrosutics. Hydrodynamics, and Central Forces. By T. Baker, CP 
Fourth Edition 179 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

K Dictionary of Painters, and Handbook for Picture 
Amateurs. 

Being a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schook of 
Painting, &c. By Philippb Daryl, B.A. 2/6 

Painting Popularly Explained. 

By T. J. Gu LUCK, Painter, and John Timbs, F.S.A. Includinff Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Enotustic, Miniature, 
Painting on Ivory, Vellum, Fottery, Enamel, Glass, &c. Sixth Edition 6/0 

A Dictionary of Terms used in Architecture, Build- 
ing, Bngineering, Mining, Metallurgy, Archaa- 
ol^y, the Fine Arts, Stc 

ByJoHNWBALK. Sixth Edition. Edited by R. Hunt, F.R.S. . 6/0 

Music : 

A Rudimentary and Practical Treatise. Wiih numerous Examples. By 
Charljcs Child Spencer 2/o 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spencer 1/6 

The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine- 
making, Gardening, &c By An Old Housekrrphr . . 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Baird 1 /O 

Natural Philosophy, 

For the Use of B^inners. By Charles Tomlinson, F.R.S. . . 1/6 

The Elementary Principles of Electric Liighting. 

By Alan A. Campbell Swinton, M.Inst.C.E., M.l.E.E. Fourth 
Edition, Revised [Just PuhiUfud \ /6 

The Electric Telegraph, 

Its History and Progress. By R. Sabine, C.E., F.S.A., &c . . 3/0 

Handbook of Field Fortifi<iation. 

By Mayor W. W. Knollys, F.R.G.S. With 163 WoodcuU . . 3/0 
IiogiO} 

Pure and Applied. By S. H Emmens. Third Edition . -1/6 

Locke on the Human Understanding, 

Selections frooL With Notes by S. H. Emmens . • 1 /6 

The Ckimptendious Calculator 

{Intuitiv* CaiculatioHs). Or Easy and Concise Methods of Performing the 
various Arithmetical Oi>erations required in Commercial and Business 
Transactions ; together with Useful Tables, &c. By Daniel O'Gorman. 
Twenty-seventh Edition, carefully revised by C. Norris . . •2/6 
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WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 16 
Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. a WooLHOOSB, F.R.AS., F.S.S. Seventh Edition . 2/6 

Orammar of the Bntflish Tongue, 

Spoken and Written. With an Introduction to the Study of ComparatiT* 
Philology. By Hyde Clarkb, D.C.L. Fifth Edition. . -1/6 

Dictionary of the English Language. 

As Spoken and Written. Containing above 100,000 Woids. By Hvds 

CUIKKB, D.C.L. 3/6 

Compute with the Grammar, 6/6 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brbnan. x8th Edition. 1/6 

Afenoh Granunar. 

With Complete and Concise Rules on the Gesden of French Nouns. Br 
G. L. Strauss, Ph.D I/O 

Bnglish-Frenoh Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c 
By Alfred Elwbs 2/0 

French Dictionary. 

In two Parts— I. French- English. II. English* French, complete in 

One Vol 3/0 

*,* Or with iJu Grammar, AIS- 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . . . •1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss I/O 

Oerman Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-English. Part II. 
English-German-French. Part III. French-German-English . 3/0 

German Triglot Dictionary. 

(As above). Together with Gerniaii Grammar, in One Volume . fi/Q 

- Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwxs. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian And French Nouns are carefully 
noted down. By Alprbd Elwbs. Vol. I. Italian- English-French. 2/o 

Italian Triglot Dictionary. 

By Alprkd Elv.es. Vol. II. English-French- Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfrkd Elwes. Vol. III. French-Italian- English . -SB 

Italian Triglot Dictionary. 

(As above). In One Vol 7/© 

Spanish Grammar. 

In a Simple and Practical Fonn. With Exercises. By Alfred Elwes 1 /6 

Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c, with the proper Accents and the Gender of ercry Noun. By Alprbd 

F.lwes 4/0 

•»• Or with the Grammar, 6/0- 
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P«irtQgu«fle*Eiiglisli BJid finglish-Poi*iiigaM« Dlo^ 

iDcluding a Ikrjje miitiber of Teclrnk*! Terms iiMd ki Mming, Enj^n^erinf , 
&C with the prtjpcr Accents and the t^ndtf of CYcry Notirt. By Ai-frxd 

£lwe&. Third t.dn ion, revised ^ '^ 6/0 

*,* c^^ «£v7A /ilr GkaumaKi 7/0- 

Unlm&l Phy«ic8» 

Hariitb>ik cif ByPioKYSiUS LAHDif<«, DX.L With 5*0 IJldftimtiaiu. 
Iti One Vol (73a page*), doih boirds . ...... 7/6 

AfirMAL Physics, By Dr. LAitriKmit- F^rt I-, Chapter! I.— VII. 4^/0 
Am m AW Pmvsi rjL By Dr. I .AftftwiuL Fi« 1 1, , Clupts? VI 1 1 , —XV r I L 

3/0 
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